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PREFACE 



This manual describes the hardware and instructions for the 

MSM80C51RS, 

MSM80C51GS, 

MSM80C51JS, 

MSM80C31RS, 

MSM80C31GS, 

MSM80C31JS, and 

MSM80C51VS 

CMOS 8-btt microcontrollers. 

RS 40-pin plastic DIP package 

GS 44-pin plastic flat package 

JS 44-pin PLCC package 

VS 40-pin ceramic DIP package (Piggy-back type) 

These microcontrollers are represented in the manual by fv1SM80C31/ 
MSM80C51. 



I 



HI 

1. rnmoucTiON 



I 



MSM80C31/MSIII8QSi1 USER'S HANUAL 



1. INTRODUCTION 



1.1 MSM80C31/MSM80C51 Outirne 

MSM80C31 /MSM80C51 are single-chip 8-bit microcontrollers featuring high perfor- 
mance and low power consumption. 2 /um silicon gate processing technology has been 
used in the manufacture of these microcontrollers. 

MSM80C31 is the same as MSM80C51 but without the internal program memory 
(ROM). MSM80C51VS is a device whose internal program memory is replaced by ex- 
ternal EPROM which is piggy backed to the CPU. 

While the MSM80C51 microcontroller features an additional 4096-word x 8-bit pro- 
gram memory (ROM) mounted on a single chip, both the MSM80C31 and MSM80C51 
include a 128-word x 8-bit data memory (RAM), 32 input/output ports, two 16-bit R/W 
timer/counters, five interrupts, a serial I/O, an 8-bit parallel processing circuit, and a 
clock generator integrated on a single chip. 

The internal operation in these CPUs is based on an instruction code address method 
for greater efficiency. The operations are specified in the instruction code (OP) 
section, and the objective registers are specified by part of the instruction code (OP) 
and the second or third byte following the instruction code. A feature of this method is 
the ability to enable several operations by only changing the operation register desig- 
nation in a single instruction code. 

The inclusion of 8-bit multiplication and division instructions further increases the pro- 
cessing capacity of these CPUs. 

In addition to expansion of the bit processing area, a comprehensive range of bit pro- 
cessing instructions has also been included. Processing operations include logical 
processing of carry flag and specified bit within each register, transfer between carry 
flag and specified bit in certain register, setting, resetting, and complement of specified 
bit in each register, and execution of various bit tests within a wide area. 
To make a relative jump after the execution of a branch instruction (bit test 
instruction), jumps can be made within a wide address range between -128 ~ +127 
relative to the address of the instruction. There is no page field restriction as in previ- 
ous systems. (Jumps are made within pages in other systems.) 

The contents of specified registers can be saved in stack by using the PUSH 
instruction, and the saved contents can be returned from stack to specified register by 
the POP instruction. Allocation of absolute interrupt priority to any interrupt makes in- 
terrupt processing all the easier. 

Employing the low-power consumption feature of C-MOS devices, these CPUs are de- 
signed to operate in "CPU power down" modes. In idle mode (IDLE) the IDL bit in the 
power control register (PCON) is set to "1" to halt CPU operations while continuing 
XTAL1 and XTAL2 operations. In the power down mode (PD) the PD bit in the power 
control register (PCON) is set to "1" to halt CPU operations as well as the XTAL1 and 
XTAL2 operations. The CPU power down mode can be cancelled by a reset or an 
interrupt. 

Two built-in 16-bit timer/counters capable of a wide range of operational mode enable 
the CPUs to be used in many different ways. 

UART based serial interface can be executed at any baud rate by clock signals from 
timer/counter 1 . 
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The comprehensive range of functions on this CPU gives a highly integrated high per- 
formance solution in a very short time. 

1.2 MSM80C31/MSM80C51 Features 

• SI gate C-MOS 

• Program memory (ROM) 

4096 words X 8 bits (MSM80C51) 

• Data memory (RAM) 
1 28 w/ords x 8 bits 

• Stack 

Freely usable 1 28-word x 8-blt data memory area 

• Four sets of worl<lng registers (RO thru R7X4) 

• Five types of interrupts (with priority) 

(1) Two external interrupts 

(2) Two timer Interrupts 

(3) Serial port interrupt 

• External data memory (RAM) 
Up to 64K bytes 

• External program memory 
Up to 64K bytes 

• Four Input/Output ports (8-blt x 4) 

• CPU power down function 

(^) Idle mode: CPU stopped while XTAL1 > 2 operations continued. 

(Software setting) 

(2) Power Down mode: CPU and XTAL1 • 2 all stopped. (Software setting) 

• Two 16-bit timers/counters 

Timer mode 

1 ) 8-bit timer with 5-bit prescaler 

2) 16-bit timer 

3) B-bIt timer with 8-blt auto reloader 

4) 8-blt separate timer 

• Serial port (UART mode operation) 
Multiple baud rates 

• Direct initialization of Input/output ports by RESET signal even If XTAL1 ■ 2 have 
been stopped ("1 " data set) 

• Instruction execution cycle 1 /^sec. S12 MHz 
(Vcc = +5 [V] ±20%) 

• Wide-range of clock operation (DC to 1 2 MHz) 
(XTAL1 • 2 operation frequency dependent on Vcc) 

• Wide-range of operating power supply 

(1) When operating; Vcc = -1-2.5 to +6 V 

(2) CPU internal data hold voltage (XTAL1 • 2 both stopped) 

Vcc = -1-2 to -1-6 V 

• Wide-range of operating temperature (-40 — l-85°C) 

• High noise margin (with Schmitt trigger input for each I/O) 

• 40-pln plastic DIP / 44-pin plastic flat package/44-pin PLCC 

• Software compatibility with Intel 80C31 /80C51 
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2. MSM80C31/MSM80C51 SYSTEM CONFIGURATION 



2.1 MSM80C31/MSM80CS1 Logic Symbols 
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Figure 2-1 MSM80C31/MSM80C51 logic symbols 
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2.2 MSM80C31/MSM80C51 Pin Layout 
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Figure 2-2 MSM80C31 /MSM80C51 pin layout 
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2.2.1 External dimensions 

MSMSOCa 1 RS/MSM80C5 1 RS MSM80C3 1 GS/MSM80C5 1 GS 

im Lead Pie^ mPi [44 Lead Pla^ Flat Package] 




IVISM80C3 1 JS/MSM80C5 1 JS 
[44 Lead Plastic Leaded Chip Carrier] 

All dimensions are typical value. 

I 17.526 I \j 
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2.5 Timing and Control 

2.5.1 Outline of MSM80C31/MSM80C51 timing 

The MSM80C31/MSM80C51 is equipped with a built-in inverter (see Figure 2-5) for 
use in the generation of c\ock pulses by external crystal or ceramic resonator. These 
clock pulses are passed to the timing counter and control circuits where the basic 
timing and control signals required for internal control are generated. 

The basic timing consists of S1 thru S6 (see Figure 2-6) where each timing cycle is 
based on the 2 XTAL1 • 2 fundamental clock pulses. The interval from S1 thru S6 
forms a single machine cycle with a total of 1 2 clock pulses. 

1-byte 1 -machine cycle and 2-byte 1 -machine cycle instructions are fetched by in- 
struction register during M1 • S1 cycle, decoded during Ml • S2 cycle, and executed 
during Ml • S3 thru Ml • S6 cycle. The second byte is fetched during M1 • S4 cycle. 
1-byte 2-machine cycles, 2-byte 2-machine cycles, and 3-byte 2-machine cycles in- 
structions are also fetched during Ml • S1, decoded during M1 • S2, and executed 
during Ml • S3 thru M2 • 86. The second byte and third byte is fetched during M1 • S4, 
M2 • SI , or M2 ■ 84. The number of clocks used is 24. 1 -byte 4-machine cycles instruc- 
tions are involved in multiplfcation and division operations where 48 clocks are used. 
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Figure 2-6 MSM80C31 /MSM80C51 fundamental timing 
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2.5.2 Major synchronizing signals 

(1) ALE (Address Latch Enable) 

The ALE signal is used as clock signal where the output address signals thru 7 
from CPU port can be latched externally when external prograrin memory or ex- 
ternal data memory (RAM) is used. 

Although two ALE signal outputs are obtained in a single m ach i ne cycle during 
normal operations, no output is obtained during output of the RDAVR signal when 
an external memory instruction (MOVX ) is executed. 

(2) PSE N (Prog ram Store Enable) 

The PSEN output signal is generated during execution of an external program. 
This output is obtained during the fetch of instructions and data. 
The PSEN signal is a low aetive signal, and external program data is enabled when 
this signal is active. 

Although two PSEN signal outputs are obtained in a single mach ine cycle during 
normal operations, no output is obtained during output of the RD/WR signal when 
an external memory instruction (MOVX ) is executed. 

(3) WR (Write Strobe) 

The WR output signal is obtained when an external memory instruction (MOVX 

®Rr, A or MOVXODPTR, A) is executed. 

CPU port output data is written in the external RAM when the WR signal is tew. 

(4) RD (Read Strobe) 

The RD output signal is obtained when an external memory instruction (MOVX 
A,@Rf or POVX A.if^DPTR) is executed. 

The external RAM is enabled and output data is passed to CPU port when the 
RD signal is low. 
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2.5.3 MSM90C31 fundamental Operation time chart 
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Figure 2-7 MSM80C31 external program memory read cycle timing chart 
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Figure 2-8 MSM80C31 MOVX A, @Rr execution 
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Figure 2-9 MSM80C31 MOVX @Rr, A execution 
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Figure 2-10 IMSM80C31 MOVX A, @DPTR execution 
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Figure 2-1 1 MSM80C31 MOVX @DPTR, A execution 
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2.5.4 MSM80C51 fundamental operation time chart 
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Rgure 2-13 MSM80C51 MOVX A,@Rre]cecHlion 
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2.6 Instruction Register (IR) and instruction Decoder (PLA) 

MSM80C31/MSM80C51 operations are based on an instruction code address method. 
Hence, in addition to the instruction code instruction register (IR) and instruction 
decoder (PLA), these devices also include an instruction register (AIR) and an instruc- 
tion decoder (PLA) for data addresses and bit addresses. 

Operation codes are passed to the IR, and data and bit addresses are passed to the 
AIR. CPU control signals are formed at the respective PLA, thereby activating the CPU. 
The block diagram is outlined in Figure 2-18. 
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Figure 2-18 IR and PLA block diagram 
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2.7 Arithmetic Operation Section 

(1) Outline 

The MSM80C31/MSM80C51 arithmetic operation section consists 

(1) an arithmetic operation instruction decoder, and 

(2) an arithmetic and logic unit [ALU]. 

(2) Arithmetic operation instruction decoder: 

Arithmetic operation instructions are passed to the instruction register (IR) and 
then to the PLA where they are converted into control signals. 
The control signals from the PLA are used to control ALU peripheral circuits and 
ALU Internal arithmetic operation (AND, OR, ADD, EOR). 

(3) Arithmetic and logic unit [ALU]: 

Upon reception of 8-blt data from one or two data sources the ALU processes that 
data in accordance with control signals from the PLA, The ALU is capable of ex- 
ecuting the following processes: 

• Additions and subtractions with and without carry 

• Increments (+1) and decrements (-1) 

• Bit complements 

• Rotations (either direction with and without farry) 

• BCD (decimal adjust) 

• Carry, auxiliary carry, and overflow signal output 

• Multiplications and divisions 

• Bit detection 

• Exchange of low and high order nibbles 

• Logical AND, OR, XOR 

If a bit-3 auxiliary carry (AC), a blt-7 carry (CY), or an overflow (OV) Is generated 
as a result of the arithmetic operation executed by the ALU, that result is set in the 
iiSiram status word (PSW). 
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Figure 2-19 Program status word 
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2.8 Program Counter 

The MSM80C31/MSM80C51 program counter has a 16-bit configuration PCothru PC is 
shown "ih Figure 2-20. 
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Figure 2-20 MSM80C31 /MSM80C51 program counter 



fits program counter is a binary up-counter which is incremented by 1 each time one 
byte of instruction code is fetched. When the program counter is counted by 1 after 
counter contents have reached FFFFH, the counter is returned to OOOOH. MSM80C51 
is automatically switched to external ROM mode when the counter contents exceed 
OFFFH, and executes external instructions. 
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2.9 Program Memory and External Data Memory 

2.9.1 MSM80C31/MSM80C51 program area and external ROM connections 

Since MSM80C31 /MSM80C51 are equipped with a 16-bit program counter, these 

devices can execute programs of up to 64K bytes (including both internal and external 

programs). 

Since the MSM80C31 is not equipped with an internal program ROM, only external in- 
structions are executed. The MSM80C51, on the other hand, is equipped with a 4K 
byte program ROM which enables it to execute internal instructions from address 
thru to address 4095. When the address is greater than 4095, external instructions 
are executed. The program area is outlined in Figure 2-21 , and a diagram of ROM con- 
nections made when external instructions are executed is shown in Figure 2-22. 
2-22. 
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Figure 2-21 MSM80C31 /MSM80CS1 program area 
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Figure 2-22 MSM80C31 /MSM80C51 external ROM connection diagram 



2.9.2 Procedtiri^ and circutt connections used when external data memory (RAM) is 
read/written by data pointer 

The MSM80C31/MSM80C51 can be connected to an external 64K wordx8-bit data 
memory (RAM) when accessing the memory by data pointer (DPTR). 
The data pointer (DPTR) consists of DPL and DPH registers. The DPL register contents 
serves as addresses thru 7 of the external data memory, the DPH register contents 
serves as addresses 8 thru 1 5. 

The MOVX ©DPTR, A Instruction is used when accumulator contents are transferred 
to an external data memory, and the MOVX A,@DPTR instruction is used when external 
data memory contents are transferred to the accumulator. The external data memory 
connection diagram is shown in Figure 2-23 and the external data memory access 
time chart is shown in Figure 2-24. 

When the data pointer indirect external memory instruction is executed, the CPU 
passes the DPL register contents to port 0, and the port contents are then latched 
externally by the ALE signal. Data stored in the latch serves as the lower order ad- 
dresses thru 7 of the external data memory (RAIVI), while the DPH register contents 
output from port 2 serves as the higher order addresses 8 thru 1 6 for direct addressing 
of th e ex ternal data memory. 

The WR or RD' external data memory control signal is subsequently generated by the 
GPU to enable transfer of data between port and the external data memory. 
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Figiire 2-23 Cotmection circuit for external data memory addressed by DPTR 
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Figure 2-24 OPTR external data memory R/W timing 



2.9.3 Procedures and circuit connections used when external data memory (RAM) is 

read/written by registers RO and R1 
The MSM80C31/MSM80C51 can be connected to an external 256 word x 8-bit data 
memory (RAM) when addressing the memory by the contents of registers RO and R1 in 
the internal data memory (RAM). 

The MOVX @Rr, A instruction is used when accumulator contents are transferred to 
an external data memory, and the MOVX A,@Rr instruction is used when external data 
memory contents are transferred to the accumulator. The external data memory con- 
nection diagram is shown in Figure 2-25 and the external data memory access time 
chart is shown in Figure 2-26. 

When the register indirect external memory instruction is executed, the CPU passes 
the RO or R1 register contents to port 0, and the port contents are then latched exter- 
nally by the ALE signal. Data stored injhe latch serves as the addresses thru 7 of 
the external data memory. The WR or RD external data memory control signal is subse- 
quently generated by the CPU to enable transfer of data between port and the exter- 
nal data memory. 

However, if the port 2 latched data is used in addresses 8 thru 15 of the external data 
memory, the circuit connections are the same as when the data pointer (DPTR) is 
used, thereby enabling a 64K word x 8-bit data memory to be accessed. 
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Figure 2-25 Connection circuit for external data memory addressed by register RO or R1 
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3.1 Oscillators: XTAL 1 
XTAL2 

An oscillator is formed by connecting a crystal or ceramic resonator between the 
XTAL1 and XTAL2 pins of the MSM80C31/MSM80C51 devices. 
If an external clock Is applied to XTAL1 ■ 2, the Input should be at 50% duty and 
C-MOS level. 
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L _ J«JM80C3i/Mjiyggs:§i 



' The capacity of the compensating capacitor depends 
on the crystal resonator. 

' The XTAL1 ■ 2 frequency depends on Vcc. 

Figure 3-1 Crystal resonator connection diagram 
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' The capacity of the compensating capacitor depencts 
on the ceramic resonator. 

' The XTAL1 • 2 frequency depends on Vcc. 

Rgure 3*2 Ceramic resonator eonneclion diagram 
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Figure 3-3 External clodt supply circuit 
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3.2 CPU Resetting 

3.2.1 Outline 

If a reset signal (kept at "1" level for at least 1 /xsec) is applied to the RESET pin when 
the correct voltage (in terms of the various specifications) is applied to the 
MSM80C31/MSM80C51 Vcc pin, a reset signal is stored in the CPU even if the XTAL1 
• 2 oscillators have been stopped. 

The internally stored reset signal is used in direct initialization (setting to "1") of ports 
0, 1,2, and 3. All of the special function registers are then initialized (set to "0") tw/o 
machine cycles after the XTAL1 • 2 oscillator commences regular operation. 
When the reset is released, instruction execution is started in the third machine cycle 
if the reset signal is changed from "1 "level to "0" level before the M1 • S1 signal leading 
edge, and in the fifth machine cycle if the reset signal is changed from "1 " to "0" after 
the leading edge. 

The reset circuit blocl< diagram is shown in Figure 3-4, the reset start time charts in 
Figures 3-5 and 3-6, and the reset release time charts in Figures 3-7 and 3-8. 
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Figure 3-4 MSM80C31 /MSM80C51 reset circuit blocic diagram 
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Figure 3-5 Reset execution time chart (internal ROM mode) 
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Figure 3-6 Reset exeeutlon tbne chprt (external ROM mode) 
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Figure 3-7 Reset release time chart (internal ROM mode) 
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fig/are 3-8 Reset release tbiw chart (external ROM mode) 



3.2.2 Reset schmitt trigger circuit 

The Schmitt trigger circuit connected to the RESET pin shown in Figure 3-4 operates 
in the foliowing way when the Vcc power supply voltage is +5 V. 

If the voltage of the input reset signal applied to the RESET pin exceeds 3 V when the 
level of tfiat signal is changed from "0" to "1", the Schmitt trigger output level is 
ctianged from "0" to "1 ", and the reset signal is set in the CPU reset control circuit, re- 
sulting in the reset operation being started by the CPU. 

The CPU reset state is released when the "1" level on the RESET pin is changed to 
"0". An input signal level below 1.5 V is regarded as "0" level, and the Schmitt trigger 
output level is changed from "1" to "0". When the reset signal is changed to "0" level, 
the GPU r^et control circuit is ready for reset release. The Schmitt trigger circuit oper- 
ation time c^tart for changes in the f eset input v@ita§e is 0ultine4 in Flture 3-9. 
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Figure 3-9 Reset schmitt trigger gate detector time chart 
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3.2.3 CPU reset internal status 

When a reset signal Is applied to the CPU with normal voltage applied to the 
MSM80C31 /MSM80C51 Vcc power supply pin, the I/O port is set to "1" (input mode) 

directly even if XTAL1 • 2 has stopped. The CPU is then reset after normal XTAL1 • 2 
oscillation has been resumed. The internal CPU status when the CPU is reset is shown 
in Table 3-1. 



Table 3-1 MSM80C31 /MSM80C51 reset internal status 



Register name 


Register reset status 


PC 


OOOOH 


SP 


07 H 


IP 


EOH ( X XX 00000) 


IE 


60H (0 XX 00000) 


PGDN 


70H(0XXX0000) 


PSW. DPH, DPL, A, B 


OOH 


SCON, ICON, TMOD 


THO, TH1,TL0, TL1 


P1 , P2, P3 


*FFH (input port) 


PO 


*FFH (floating) 


SBUF 


Undefined 


INTERNAL RAM 



* denotes direct resetting even if XTAL1 • 2 has stopped. 
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3.3 EA (€PU M«m@ry SepariKie) 
3.3.1 Outline 

The function of the EA pin is to determine whether a CPU internal program memory 
(ROM) instruction is to be executed, or an external program instruction is to be 
executed. 

(1) Internal ROM mode 

If the EA pin is connected to Vcc and a "1" reset signal is applied to the RESET 
pin to reset the CPU, an internal program memory (ROM) is executed from address 
0. (MSM80C51 only) 

(2) Exterrial^ROM mode 

If the EA pin is connected to Vss and a "1 " reset signal is applied to the RESET pin 
to reset the CPU, an external program memory is executed from address 0. 
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4. MSM80C31/MSM80C51 INTERNAL SPECIFICATIONS 



4.1 Internal Data Memory (RAM) and Special Function Registers (SFR) 
4.1 .1 Outline 

MSM80C31 /MSM80C51 operation is based on an instruction code address method 
where operations are specified in an instruction code (OP) section, and the data 

memory (RAM) and special function registers (ACC, B, ICON, PO, ) are specified 

directly by part of the instruction code and the second or third byte of data following 
that Instruction code. 

According to this instruction code address method, all eight bits of data in the data 
memory and the special function register may be specified, or one bit of data memory 
and one bit of data in the special funciion register may be specified. Direct designation 
of all eight bits of data is called data addressing, and direct designation of one bit of 
data Is called bit addressing. 

Since these CPU devices specify data memory (RAf^) and special function register 
contents by the above method, specific addresses are assigned to the respective CPU 
data memory (RAM) and special function registers (ACC, B, ICON, PO ). Data ad- 
dresses consist of eight bits, and range from 00 to FFH in binary (which correspond to 
thru 255 in decimal). Ali data memory (RAM) and special function registers (ACC, B, 
ICON, PO, .... ) exist in these 256 locations. 

The data memory contains 128 bytes in data addresses 00 thru 7FH, and can be speci- 
fied directly by data address. 

Special function registers are located between addresses 80 thru FFH, and can also 
be specified directly by data address. Bit addresses consist of eight bits, the operation 
bits being specified by the three lower order bits and the data memory (RAM) or special 

function register (ACC, B, ICON, PO ) by the five higher order bits. 

The bit addresses which can be specified in data memory (RAM) are addresses 20 
thru 2FH. Other areas cannot be specified by bit designation. 

Special function registers which can be specified by bit address include PO, PI, P2, 

P3, ICON, SCON, IE, IP, PSW, ACC, and B, a total of eleven registers. The data memory 
(RAM) and special function register address space layout is shown in Figure 4-1 . 
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R7 
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BANKS 
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R7 




a: 
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BANK2 


1- 
</) 


10 


RO 




13 

LU 


OF 


R7 










BANK1 




08 


RO 





R7 

RO 



B 


F7H~F0H 


240 (OFOH) 


ACC 


E7H~E0H 


224 (OEOH) 


PSW 


O7H~D0H 


208 (ODOH) 


IP 


BFH~B8H 


184 (0B8H) 


P3 


B7H~B0H 


176 (OBOH) 


IE 


AFH~A8H 


168 (0A8H) 


P2 


A7H~A0H 


160 (OAOH) 


SBUF 




153 (99H) 


SCON 


9FH~9BH 


152 (98H) 


PI 


97H~90H 


144 (90H) 


TH1 




141 (SDH) 


THO 




140 ( 8CH ) 


TL1 




139 (8BH) 


TLO 




138 (BAH 1 


TMOD 




137 (89H) 


TCON 


8FH~88H 


136 (88H) 


PC ON 




135 (87H) 


DPH 




131 (83H) 


DPL 




130 (82H) 


SP 




129 (81H) 


PO 


87H~80H 


1 28 ( 80H ) 



BIT ADDRESSING 



DATA ADDRESSING 



Figure 4-1 Data memory and special function register layout 
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4.2 Internal Data Memory (RAM) 

4.2.1 Internal data memory (RAM) 

The storage capacity of the MSM80C31/MSM80C51 data memory is 128 words x 8 
bits. The layout diagram is shown in Figure 4-2. 

The data memory can be accessed (R/W) in four different ways - direct register 
designation, indirect register designation, data addressing, and bit addressing. 
Registers RO thru R7 consist of four banks within the data memory address range from 
00 to1 FH. Banks are specified by RSO and RS1 data combinations within the PSW. 
the PSW. 

The data memory address range from 20 to 2FH is an area where bit addressing is 
possible. Data operations can be executed directly one bit by bit operation 
instructions. 

The data memory address ranges from 00 to 7FH is an area where data addressing is 
possible. 8-bit data operations within the data memory can be executed directly by 

data address operation instructions. 

In addition to data storage in the CPU, the data memory is used as the place for saving 
stack data. This staci< data storage area is addressed by a stack pointer (SP). Since 
any desired data can be set in the stack pointer (SP) by software, the stack can be 
used from any data memory address. Note that 07H data is set automatically in the 
stack pointer when the CPU is reset. 
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48 


2FH 


7F 


7E 
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7C 
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7A 
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77 


76 


75 


74 


73 


72 


71 


70 


46 


2DH 
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6C 


6B 


6A 


69 


68 


45 


2CH 


67 


66 


66 


64 


63 


62 


61 


60 


44 


2BH 


5F 


5E 


5D 


5C 


58 


5A 


59 


58 


43 


2AH 


57 


56 


55 


54 


53 


52 


51 


50 


42 


29H 


4F 


4E 


4D 


4C 


4B 


4A 


49 


48 


41 


28H 


47 


46 


45 


44 


43 


42 


41 


40 


40 


27H 


3F 


3E 


3D 


3C 


3B 


3A 


39 


38 


39 


26H 


37 


36 


35 


34 


33 


32 


31 


30 


38 


25H 


2F 


2E 


2D 


2C 


2B 


2A 


29 


28 


37 


24H 


27 


26 


25 
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21 
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23H 


IF 


IE 


ID 
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IB 


1 A 


19 


18 


35 


22H 


17 
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13 
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10 


34 


21H 


OF 


OE 


OD 


OC 


OB 


OA 


09 


08 


33 


20H 


07 
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04 


03 
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00 
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1FH 
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Figure 4-2 RAM layout diagram 
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4.2.2 Internal data memory registers RO thru R7 

Registers RO thru R7 in the data memory consist of four banks between memory ad- 
dresses 00 thru 1 FH. Banks are specified by RSO and RS1 bit combinations within the 

program status word (PSW). Note that the register area RO thru R7 can also be used as 
normal data memory. The PSW table is shown in Table 4-2, and the data memory regis- 
ter bank layout In Figure 4-3. 



Table 4-2 Program status word (PSW) 



BIT 


7 


6 


5 


4 


3 


2 


1 





FLAG 


CY 


AC 


FO 


RS1 


RSO 


OV 


F1 


P 


SET 








• 


• 










Figure 4-3 Internal data memory register bank layout 
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4.2.3 Stack 

The stack data save area is in the internal data memory (RAM), and is specified by 

stack pointer (SP81H). 

Although 07H data is automatically set in the stack pointer when the CPU is reset, any 
desired data can be set by software to enable the data memory from any address to be 
used as the stack. 

Two addresses of data memory are used when the stack is used by interrupt or CALL 
instruction, and a single address is used when the PUSH instruction is used. 
The status where an interrupt is generated and the program counter contents are 
saved in the stack when the stack pointer contents are 5FH, and accumulator contents 
are pushed during interrupt routine are shown in Table 4-3. The stack status up to 
completion of interrupt processing upon execution of POP and RET! instructions is 
also included. 



Table 4-3 Staek storage data RAM layetrt 



Stack processing 


Stack 
pointer 


RAM data bit 


7 


6 


5 


4 


3 


2 


1 





Before execution 


5FH 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


Interrupt process 


60H 


PC7 


PC6 


PCS 


PC4 


PC3 


PC2 


PC1 


PCO 


61 H 


PC15 


PCI 4 


PCI 3 


PC1 2 


PC1 1 


PC10 


PC9 


PC8 


PUSH process (ACC) 


62H 


A7 


A6 


A5 


A4 


A3 


A2" 


A1 


AO 


POP process (ACC) 


62H 


A7 


A6 


A5 


A4 


A3 


A2 


A1 


AO 


RETI process 


61H 


PC15 


PCI 4 


PCI 3 


PCI 2 


PCI 1 


PC10 


PC9 


PC8 


60H 


PC7 


PC6 


PCS 


PC4 


PCS 


PC2 


PCI 


PCO 


After execution 


5FH 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 



4.3 Internal Data Memory (RAM) Operating Procedure 

4.3.1 Internal data memory indirect addressing 

Operation of the internal data memory indirect increment instruction is described here 
as an example. This instruction (INC @Rr) is a 1-byte 1 -machine cycle instruction (see 
Figure 4-4), and the indirect address register is specified by instruction code bit 
data r where r denotes either register or 1 in the register group specified by PSW 
RSO and RSI bank data. Register is specified when the r data is 0, and register 1 is 
specified when the data is 1 . 

When this instruction is executed, register data is read from the specified register or 
1 , and the read out register data is written Into the data pointer of the data memory. 
The data memory contents specified by the data pointer are read by the CPU into a 
temporary register. Then a subsequent increment (+1) by the ALU is followed by a 
return to the data memory at the address specified by the data pointer. In this way, the 
contents of the data memory at the address specified by the contents of RO or R1 are 
incremented. 



Instruction (OP) 
code portion 



Indirect address register 
designation portion 



ING ®Rr : 























Byte 1 



7 



6 



5 



4 



3 



2 







Figure 4-4 INC @Rr bit arrangement 
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4.3.2 Internal data memory register RO thru R7 designation 

Operation of the internal data memory register direct decrement instruction is de- 
scribed here as an example. This instruction {DEC Rr) is a 1-byte 1 -machine cycle in- 
struction (see Figure 4-5). Register RO thru R7 Is specified by ro, n, and n data of in- 
struction code bit 0, 1 , and 2. ro, n, and r2 are represented in binary code, ro being the 
LSB, and r2 the MSB. The code Is weighted 1 , 2, and 4 from the LSB. Any one of the 
eight registers can be specified by combinations of this code. See Table 4-4 for the 
register designation combinations. 

Wh#n this instruction Is executed, one of the registers RO thru R7 from the register 
group specified by the PSW RSO and RS1 banit data is specified. The contents of the 
specified register is read by the CPU into a temporary register. Then a subsequent 
decrement (-1) by the ALU is followed by a return to the specified register. In this way, 
the register contents specified by ro, n, and r2 are decremented. 



Instruction (OP) 
code portion 



Register direct 
designation portion 



|4| 



DEC Rr 



1 1 r2 n ro 



Byte 1 



Figure 4-5 DEC Rr bit arrangement 



Table 4-4 Register designation table 



Register name 


rs 


n 


ro 


Register 











Register 1 








1 


Register 2 





1 





Register 3 





1 


1 


Register 4 


1 








Register 5 


1 





1 


Register 6 


1 


1 





Register 7 


1 


1 


1 
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4.3.3 Internal data memory 1 -bit data designation 

In the MSM80C31/MSM80C51, 1-bit data operations (test, reset, set, complement, 
transfer) can be executed directly by bit operation instruction only between internal 
data memory addresses 20 thru 2FH. 

The operation of a bit reset Instruction is described below as an example. 
This instruction (CLR bit address) is a 2-byte 2-machine cycle instrue|l®n (se© Figure 
4-6). The instruction code is indicated In byte 1. Byte 2 Is the data memory address 
and bit designation. The operation bits are specified by the bo, bi, and b2data in bits 0, 
1, and 2 of byte 2. Combinations of this code enable any one of eight bits to be 
specified. The bit designation combinations are listed In Table 4-5 below. 
The data memory Is addressed by bits bs, b4, bs, be and b? of byte 2. The data memory 
address Is specified by the bits ba thru be with b^ being "0". The bits ba - be can be ex- 
pressed In binary numbers thru OFH. A total of 1 6 designations are possible. 
When data memory addresses are specified, the data memory bit operation start ad- 
dress 20H is added to the bs, bt, bs, and be binary data to obtain the data memory 
address. 

The data memory address contents specified by the above method are read by the 
CPU Into a temporary register, the bit specified data Is reset to "0" by the ALU, and the 
CPU returns the result to the data memory where the data were read. One bit of the 
®Weifj#d data memory is thus reset to "0". 



Instruction (OP) code 



CLR bit address : 





I 



Byte 1 



6 



1 



Data memory 

addressing portion Bit designation portion 



b7 


b6 


bs 


b4 


bs 


b2 


bi 


bo 


7 


6 


5 


4 


3 


2 


1 






Byte 2 



Figure 4-6 CLR bit address l}it mrmspmmeA 
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R it nflinp 


b2 


b 1 


bo 


Bit 


n 




n 


Bit 1 








1 


Bit 2 





1 





Bit 3 





1 


1 


Bit 4 


1 








Bit 5 


1 





1 


Bite 


1 


1 





Bit 7 


1 


1 


1 



Table 4-6 Addressing combination table 





b? 


be 


bs 


b4 


b3 


RAIVI address 




















20H 


32 


1 














1 


21 H 


33 


2 











1 





22H 


34 


3 











1 


1 


23H 


35 


4 








1 








24H 


36 


5 








1 





1 


25H 


37 


6 








1 


1 





26H 


38 


7 








1 


1 


1 


27H 


39 


8 
















28H 


40 


9 













1 


29H 


41 


A 










1 





2AH 


42 


B 










1 


1 


2BH 


43 


C 







1 








2CH 


44 


D 







1 





1 


2DH 


45 


E 







1 


1 


■ 


2EH 


46 


F 







1 


1 


1 


2FH 


47 



4.4 Sf^ial Function Registers (TC0N, SCON AC€, B) 

4.4.1 Outline 

Special function registers are located in the data address range from 80 to OFFH. Data 
addressing of all registers is possible. 

Bit addressing can be applied for only tfie following registers: PO, PI, P2, P3, TCON, 

SCON, IE, IP, PSW, ACC, and B registers. 

If a register which does not exist at a data address is accessed during the use of spe- 
cial function registers, the data read becomes FFH. And if data is written, none of the 
registers in the CPU are effected at all. Note, however, that since a jump is always 
made upon execution of a bit test instruction which results in a relative jump at data 
condition "1", make sure that no instruction is executed for a register which does not 
exist. A list of special function registers is given in Table 4-7. 



H&M80C31/MSilliilSI INTElNAi m£IF ICftmNS 



Table 4>7 LM of speeifl funetien regMer? 



Register 


Bit ftd#r«ss 


Data 

dUUi coo 


b7 


be 


bs 


b4 


b3 


b2 


bi 


bo 


B 


F7 


F6 


F5 


F4 


F3 


F2 


F1 


FO 


OFOH (240) 


ACC 


E7 


E6 


E5 


E4 


E3 


E2 


El 


EO 


OEOH (224) 


PSW 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


ODOH (208) 


IP 


BF 


BE 


BD 


BC 


BB 


BA 


89 


B8 


0B8H (184) 


P3 


B7 


B6 


B5 


B4 


B3 


B2 


81 


BO 


OBOH (176) 


IE 


AF 


AE 


AD 


AC 


AB 


AA 


A9 


A8 


0A8H (168) 






A 6 


A5 


A4 


A3 


A2 


A1 


AO 


OAOH (160) 


SBUF 


















99H (153) 


SCON 


9F 


9E 


9D 


9C 


98 


9A 


99 


98 


98H (152) 


PI 


97 


96 


95 


94 


93 


92 


91 


90 


90H (144) 


TH1 


















SDH (141) 


THO 


















8CH (140) 


TL1 


















8BH (1 39) 


TLO 


















BAH (1 38) 


TMOD 


















89H(137) 


TCON 


8F 


8E 


8D 


8C 


8B 


8A 


89 


88 


88H (136) 


PCON 


















87H (135) 


DPH 


















83H (131) 


DPL 


















82H (130) 


SP 


















81 H (1 29) 


PO 


87 


86 


85 


84 


83 


82 


81 


80 


80H (1 28) 
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4.4.2 Special Function Registers 
4.4.2.1 Timer mode register (TMOD) 



Name 


Address 


MSB 

7 


6 


5 


4 


3 


2 


LSB 
1 


TMC30 


89H 


GATE 


C/T 


M1 


MO 


GATE 


C/T 


M1 MO 


Bit location 


Flag 


Function 


TMOD.O 


MO 


Ml 


MO 


Timer/counter mode setting 








8-bit timer/counter with 5-bit prescaiar 





1 


1 6-bit timer/counter 


1 





8-bit timer/counter with 8-bit auto reloading 


TMOD.1 


M1 


1 


1 


Timer/counter sepiarated into TLO <8-bit) timer/ 
counter and THO (8-bit) timer/counter. TFO is set by 
TLO carry, and TF1 is set by THO carry. 






Timer/counter count clock designation control bit. 

XTAL1 ■ 2 divided by 1 2 ctoclts is the input applied to timer/counter 

when C/T = "0". 

The external clock applied to the TO pin is the input applied to 
timer/counter when C/T = "1 ". 


TMOD.3 


GATE 


When this bit is "0", the TRO signal is used to control the start and 
stop of timer/counter counting. 

If this bit is "1 ", timer/counter starts counting when both the TRO 
bit and INTO pin are "1 ", and stops counting when either is changed 

to "0". 


TMOD.4 


MO 


M1 


MO 


Timer /counter 1 mode setting 








8-bit timer/counter with S-bit prescaiar 





1 


1 6-bit timer/counter 


TIWIOD.5 


Ml 


1 





8-bit timer/counter with 8-bit auto reloading 


1 


1 


Timer/counter 1 operation stopped 




\jf 1 


Timer/counter 1 count clock designation control bit. 

XTAL1 • 2 divided by 1 2 clocks is the input applied to timer/counter 

1 when C/T = "0". 

The external clock applied to the T1 pin is the input applied to 
timer/counter 1 when C/T = "1 ". 


TM0D.7 


SATE 


When this bit is "0", the TR1 signal is used to control the start and 
stop of timer/counter 1 counting. 

If this bit is "1 ", timer/counter 1 starts counting when both the TR1 
bit and INT1 pin are "1 ", and stops counting when either is changed 
to "0". 



I 
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4A.2.2 Power control register (PCON) 



Name 


Address 


MSB 

7 


6 


5 


4 


3 


2 


1 


LSB 



PCON 


87H 


SMOD 








GF1 


GFO 


PD 


IDL 


Bit location 


Flag 




PCON.O 


IDL 


IDLE mode set when this bit is set to "1 ". CPU operations are 
stopped when IDLE mode is set, but XTAL1 • 2, timer/counters 
and 1 , the interrupt circuits, and serial ports remain active. IDLE 
mode is cancelled when the CPU is reset or when an intemt^ is 

generated. 


PCON.1 


PD 


PD mode set when this bit is set to "1 ". CPU operations and 
XTAL1 • 2 are stopped when PD mode is set. PD mode is cancelled 
only when the CPU is reset. 


PCON.2 


GFO 


Testing this flag when IDLE mode is cancelled by an interrupt 
shows whether the interrupt is a ftormal interrupt or an IDLE mode 
release interrupt. 


PCON.3 


QF1 


This is a user's flag which may be 


used at 

output is 


he user's discretion. 


PCON.4 




Reserved bit. If the bit is read, the 


a '1 ". 


PCON.5 




Reserved bit. If the bit is read, the output is a "1 ". 


PCON.6 




Reserved bit. If the bit is read, the output is a "1 ". 


PCON.7 


SMOD 


TIfis l3it hm the following funettons when tiie serial port is in mode 
1 , 2, or 3. The serial port operation clock is reduced by 1 /2 when 

the bit is "0" for delayed processing. And when the bit is "1 ", the 
serial port operation clock is normal for faster processing. 
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4.4.2.3 Timer control raster (TCON) 



Name 


Address 


MSB 
7 


6 


5 


4 


3 


2 


1 


LSB 



TCON 


88H 


TF1 


TR1 


TFO 


TRO 


IE1 


IT1 


lEO 


ITO 


Rit Inpation 


Flag 


Function 


TCON.O 


ITO 


External interrupt signal used in level detect mode when bit is 
"0", and Is used In trigger detect mode when bit Is "1". 


TCQN.1 




Interrupt flag bit for external Interrupt 0. 

Bit is reset automatically when the Interrupt Is serviced. 

Bit can be set and reset by software when ITO = "1 ". 


TC0N.2 


IT1 


External Interrupt 1 signal used in level detect mode when bit is 
"0", and Is used In trigger detect mode when bit is "1 ". 


TCON.3 


lEI 


NILc;FrU|Jl Mdy Uil lUF cAlcilldl llllt!liU[JL 1 . 

Bit is reset automatically when the interrupt Is serviced. 
Bit can be set and reset by software when IT1 = "1 ". 


TCON.4 


TRO 


f^niintinfi Qtart 3nH Qtrin r^nntrnl hit for timpr/pni intf^r Ci 

\J\J\J 1 1 III 1^ O lO-i I CI 1 l\J OLU|^ VfUl IIIUI UIL lUI IIIMCI / U^JUIILCI KJ . 

Timer/counter starts counting when this bit is "1 ", and stops 
counting when "0". 


TCON.5 


TFO 


Interrupt flag bit for timer interrupt 

Bit is reset automatically when the interrupt is serviced. Bit is set to 
"1 " when carry signal is generated from timer/counter 0. 


TCON. 6 


TR1 


Counting start and stop control bit for timer/counter 1 . 
Timer/counter 1 starts counting when this bit is "1 ", and stops 
counting when "0". 


TCON,7 


TF1 


Interrupt flag bit for timer interrupt 1 . 

Bit is reset automatically when the interrupt is serviced. 

Bit Is set to "1 " when carry signal is generated from timer/counter 1 . 



4.4.2.4 Serial port eontt^ regi^er (SCON) 



Name 


Address 


MSB 
7 


6 


5 


4 


3 


2 


1 


LSB 



SCON 


98H 


SMO 


SM1 


SM2 


REN 


TB8 


RB8 


Tl 


Rl 


Bit location 


Flag 


Function 


SCON.O 


Rl 


"End of serial port reception" interrupt request flag. Ttiis flag must 
be reset by software during interrupt processing. 
Ttiis flag is set after the eighth bit of data has been received when 
in mode 0, or by the STOP bit when in any other mode. In mode 2 or 
3, however, Rl Is not set If the RB8 data Is "0" with SM2 = "1 ". Rl is 
set rn mode 1 If STOP bit Is received when SM2 = "1 ". 


SCON.1 


Tl 


"End of serial port transmission" interrupt request flag. This flag 

must be reset by software during interrupt processing. 

This flag is set after the eighth bit of data has been sent wheii In 

mode 0, or after the last bit of data has been sent when in any other 

mode. 


SCON .2 


RB8 


The ninth bit of data received in mode 2 or 3 is passed to the RB8. 
The STOP bit Is input to the RB8 if SM2 = "0" when In mode 1 . RB8 
Is not used in mode 0. 


SCON.3 


TBS 


The TB8 data Is sent as the ninth data bit when in mode 2 or 3. Any 

desired data can be set in TBS by software. 


SCGN.4 


REN 


Reception enable control bit. 
No reception when REN = "0". 
Reception enabled when REN = "1 ". 


SCON.5 


SM2 


If the ninth bit of data is "0" with SM2 = "1 " in mode 2 or 3, tfie "end 
of reception" signal Is not set Into the Rl bit. 

Nor is the "end of reception" signal set into the Rl bit if the STOP bit 

is not"1" with SM2 = "1" in mode 1. 


SCON.6 


SMI 


SMO 


SMI 


MODE 













8-blt shift register I/O 





1 


1 


8-bit UART variable baud rate 


SCON. 7 


SMO 


1 





2 


9-bit UART 1 /32 XTAL1 , 1 /64 XTAL1 
baud rate 


1 


1 


3 


9-bit UART variable baud rate 



S8 



MsMM^imii^t Bit fi Mitt 



4.4.2.5 Interrupt enable register (IE) 



Name 


Address 


MSB 
7 


6 


5 


4 


3 


2 


1 


LSB 



IE 


A8H 


EA 






ES 


ET1 


EX1 


ETO 


EXO 


Bit location 


Flag 


Function 


IE.0 


EXO 


Interrupt control bit for external Interrupt 0. 
Interrupt disabled when bit Is "0". 
Interrupt enabled when bit is "1 ". 


IE.1 


ETO 


Interrupt control bit for timer interrupt 0. 
Interrupt disabled wfien bit is "0". 
Interrupt enabled when bit is "1 ". 


)E,f 


CXI 


Interrupt control bit for external interrupt 1 . 
Interrupt disabled when bit is "0". 
Interrupt enabled when bit is "1 ". 


IE.3 


ET1 


Interrupt control bit for timer interrupt 1 . 
Interrupt disabled when bit is "0". 
Interrupt enabled when bit is "1 ". 


IEi4 


ES 


Interrupt control bit for serial port. 
Interrupt disabled when bit is "0". 
Interrupt enabled when bit is "1 ". 


le.s 




Reserved bit. If the bit is read out, "1 " Is read. 


lE.e 




R^erved bit. If the bit is read out, "1 " is read. 


IE.7 


EA 


Overall interrupt control bit. 

All interrupts disabled when bit is "0". 

All interrupts enabled when bit is "1 ". 
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4.4.2.6 Interrupt priority register (IP) 



Name 


Address 


MSB 
7 


6 


5 


4 


3 


2 


1 


LSB 



IP 


88 H 








PS 


PT1 


PX1 


PTO 


PXO 


Bit location 


Flag 


Function 


IP.O 


PXO 


Interrupt priority t)it for sxternal interrupt 0. 
Priority assigned when bit is "1 ". 


IP.1 


PTO 


Interrupt priority bit for timer interrupt 0. 
Priority assigned wfien bit is "1 ". 


IP. 2 


PX1 


Interrupt priority bit for external interrupt 1 . 
Priority assigned wtien bit is "1 ". 


IP.3 


PT1 


Interrupt priority bit for timer interrupt 1 . 
Priority assigned when bit is "1 ". 


IP.4 


PS 


Interrupt priority bit for serial port. 
Priority assigned when bit is "1 ". 


IP.5 




Reserved bit. If the bit is read out, "1 " is read. 


IP.6 




Reserved bit. If the bit is read out. "1 " is read. 


IP. 7 




Reserved bit. If the bit is read out, "1 " is read. 
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4.4.2.7 Program status word register (PSW) 



Name 


Address 


MSB 
7 


6 


5 


4 


3 


2 


1 


LSB 



PSW 


DOH 


CY 


AC 


FO 


RS1 


RSO 


OV 


F1 


P 


Bit location 


Flag 


Function 


PSW.O 


P 


Accumulator (ACC) parity indicator. 

"1 " when the number of "1 " In the accumulator is an odd number, 

and "0" wtien an even number. 


PSW.1 


F1 


User flag which may be set to "0" 


or "1 " as desired by the user. 


PSW.2 


OV 


Overflow flag which is set if the carry C6 from bit 6 of the ALU 
or CY is "1 " as a result of an arithmetic operation. The flag is 
also set to "1 " if the resultant product of a multiplication 
instruction (MULA, B) is greater than OOFFH, and is set to "0" If the 
product is equal or less than OOFFH. 






RAM register banl< switch 


PSW.3 


RSO 


RSI 


RSO 


BANK 


RAIVI ADDRESS 















00H-07H 









1 


1 


08H - OFH 


PSW.4 


RS1 


1 





2 


10H-17H 






1 


1 


3 


1 8H - 1 FH 


PSW. 5 


FO 


User flag which may be set to "0" 


or "1 " as desired by the user. 


PSW.6 


AC 


Auxiliary carry flag. 

This flag is set to "1 " if a carry Ca is generated from bit 3 of the ALU 
as a result of executing an arithmetic operation Instruction. In all 
other cases, the flag is reset to "0". 


PSW.7 


CY 


Main carry flag. 

This flag is set to "1 " If a carry C? Is generated from bit 7 of the ALU 
as a result of execution of an arithmetic operation instruction. 
In all other cases, the flag Is reset to "0". 



J 



4.5 Timer/Counters O and 1 

4.5.1 Outline 

Timer/counters and 1 are both capable of independent 1 6-bit binary counting. 
All control of timer/counters and 1 is fiandled by thie timer control register (TCON) 
and the timer mode register (TMOD). Both timer/counter and 1 can be set indepen- 
dently to modes thru 3 for a diversity of applications. 

4.5.2 Timer/counter and 1 counting control 

The start and stop of counting in timer/counters and 1 is controlled by the bit-4, TRO, 
and bit-6, TR1 , in the timer control register (TCON 88H) as indicated in Table 4-8. 
TRO controls timer/counter 0, and TR1 controls timer/counter 1 . Timer/counter opera- 
tion is stopped when the bit data is "0", and enabled when "1". The overall control cir- 
cuit for timer/counters and 1 is shown in Figure 4-7 (excluding timer mode 3). 



Table 4-8 Timer control register (TCON 88H) 





Timer 1 


Timer 




Bit 


7 


6 


5 


4 


3 


2 


1 





Flag 


TF1 


TR1 


TFO 


TRO 


IE1 


IT1 


lEO 


ITO 


Set 




• 




• 











T1 PIN 
(PORT3.5) 



INTl PIN 
(PORT 3.3) 

S5 




GA 

TE 


C/T 


Ml 


MO 


GA 
TE 


C/T 


Ml 


MO 


7 


6 


5 


4 


3 


2 


1 






TF1 


TRl 


TFO 


TRO 


IE1 


IT1 


lEO 


ITO 


7 


6 


5 


4 


3 


2 


1 






TIMER MODE REGISTER ITMOD) TIMER CONTROL REGISTER (TCON) 

Figure 4-7 Overall clock input control for timer/counters and 1 
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4.5.3 Timer/counter and 1 count clock designation 

Designation of count clock inputs to timer/counters and 1 is controlled by the bit 2 
and 6, C/1, in the timer mode register (TM0D^9H). 

Timer/counter is controlled by the bit 2, C/T, and timer/counter 1 is controlled by the 
bit 6, C/T. 

The internal clock is applied to the timer/counter when the C/T bit is "0". This internal 
clocl< is the result of dividing XTAL1 • 2 by 12. The S3 timing signal becomes the clock. 
The external clock is applied to the timer/counter when the C/T bit is "1 ". The external 
clock applied to the TO pin serves as the timer/counter input, while the external 
clock applied to the T1 pin serves as the timer/counter 1 input. 



Table 4-9 Timer mode register (TMOD 89H) 





Timer 1 


Timer 


Bit 


7 


6 


5 


4 


3 


2 


1 





Flag 


GATE 


C/T 


Ml 


MO 


GATE 


C/T 


M1 


MO 


Enable count 




• 








• 







4.5.3.1 External clock detector circuit for timer/counters and 1 

The detector circuit shown in Figure 4-8 is inserted between the timer/counters and 

the external clock pin. 

This detector circuit operates in the following way. When the external clock applied to 
the TO and T1 pins is changed from "1" to the "0" level, that clock is fetched by F/F1, 
and is then passed to F/F2 when the S5 timing signal appears. This F/F2 output is sub- 
sequently ANDed (logical product) with the S3 timing signal to form the timer/counter 
clock signal which then serves as the F/F1 reset signal. The reset F/F1 then waits for 
the next external clock. The "0" and "1" signal cycle widths of the respective external 
clocks applied to the TO and T1 pins must be minimal and a period 12 times (12T) to 
XTAL1 • 2 oscillator clock cycle T is required. The operational time chart for this detec- 
tor circuit is outlined in Figure 4-9. 
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D Q 
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S5 



S3 



Figiwe 4t^B TO and T1 exten»l cMk detector circuit 
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Figure 4-9 Detector circuit operationai time chart 
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4.5.4 Counting control of timer/counters and 1 by INT pin 

In addition to control by timer control register, ICON TRO and TR1, timer/counter 
and 1 counting start and stop can also be controlled by the signal level applied to the 
external Interrupt pin. The GATE data values of bits 3 and 7 in the timer mode register 
(TMOD 89H) indicated in Table 4-10 are used to control this. 

Timer/counter is controlled by the bit 3 GATE bit. When the GATE bit is "0", counting 
of timer/counter is started and stopped only by TRO. 

When the GATE bit is "1 ", co unting timer/counter is enabled if the TRO signal and 
the signal applied to theTFTTo pin are both "1". Counting is subsequently stopped if 
either of the signals is changed to "0" level. 

Timer/counter 1 is controlled by the bit-7 GATE bit. The functional operation is the 
same as for timer/counter 0. The GATE - INT timer/counter counting control circuit is 
outlined in Figure 4-1 0, and the control table is given in Table 4-1 1 . 



Tal^e 4-1 Timer mode registcsr (TMOD 89H) 





Timer 1 


Timer 


Bit 


7 


6 


5 


4 


3 


2 


1 





Flag 


GATE 


C/T 


Ml 


MO 


GATE 


C/T 


Ml 


MO 


Count Control 


• 








• 









|4| 



XTAL 1-2 — ^12 



S3 



TO orTl 



DETECTOR 



G/T 



INTOoflNTI 



S5 



* GATE 
TRO orTRl 



Figure 4-10 INTO sm^ INT1 timer/counJer start/step contra) dreutt 



TIMER 1 
CLOCK 



Table 4-11 GATE INT TR timer/coutlter control tables 





TIMER 


GATE 








1 


1 


1 


TRO 





1 





1 


1 


INTO 


X 


X 








1 


RUN 




• 






• 


STOP 


• 




• 


• 







TIMER 1 


GATE 








1 


1 


1 


TR1 





1 





1 


1 


Tnti 


X 


X 








1 


RUN 




• 






• 


STOP 


• 




• 


• 





Note: 



implies timer/counter state. 
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4.5.5 Timer/counters 0/1 and timer modes 

4.5.5.1 Outline 

The timer/counter and 1 timer modes are set by combinations of MO and Ml bit data 
in the timer rood® register (IMOD 89H). The timer modes which can be set are 0, 1 , 2, 
and 3. 

Timer/counter modes are specified by MO and Ml of bits and 1 , and timer/counter 
1 modes are specified by MO and Ml of bits 4 and 5. 



Table 4-1 2 Timer mode register (TMOD SSH) 





TIMER COUNTER 1 


TIMER COUNTER 


Bit 


7 


6 


5 


4 


3 


2 


1 





Flag 


GATE 


C/T 


Ml 


MO 


GATE 


C/T 


Ml 


MO 


Mode set 






• 


• 






• 


• 



4.5.5.2 Mode 

In mode 0, timer/counters and 1 both become 13-bit timer/counters by the circuit 
connection shown in Figures 4-11 and 4-12. TLO and TL1 in timer/counters and 1 
serve as the counter for the five lower bits, and THO and TH1 serve as the counter for 

the eight upper bits. 

Timer flag is set by the timer/counter carry signal, and timer flag 1 is set by the 
timer/counter 1 carry signal. Timer/counter 1 carry signal can be used as the serial 
port clock source. 

Although the three upper bits of TLO and TL1 are operative, they are invalid as signals. 



Ml 


MO 









XTAL 1 
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S5 
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QO Q7 

THO C 

(8BITS) 








Figure 4' 11 Timer/counter rnede 
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SS — 


LATCH 





DETECTOR 
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Bigure 4-12 Timer/counter 1 mode 
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4.5.5.3 Mode 1 

In mode 1, timer/counters and 1 both become 16-bit timer/counters by the circuit 
connection shown In Figures 4-13 and 4-14. 

TLO and TL1 in timer/counters and 1 serve as the counter for the eight lower bits, 
and THO and TH1 serve as the counter for the eight upper bits. 

Timer flag Is set by the timer/counter carry signal, and timer flag 1 is set by the 
timer/counter 1 carry signal. Timer/counter 1 carry signal can be used as the serial 
port clock source. 



Ml 


MO 





1 



XTAL 1 



12 



S3 



TO PIN •-op DETECTOR 
(P0RT3.4) 



C/T - 
TRO 

GATE 



INTO PIN •- 
(PORT3.2) 



S5 - 



DATA 



DETECTOR 




QO • ■ • Q7 


QO- - - Q7 
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THO C 


(8BITS) 


(8BITS) 




Figure 4-1 3 Timer/counter mode 1 
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■ S I/O CLOCK 



TF1 



nipre 4-14 Timer/countef 1 mo^ 1 
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4.5.5.4 Mode 2 

In mode 2, timer/counters and 1 both become 8-bit timer/counters with 8-bit auto 

reloader registers by the circuit connection shown in Figures 4-15 and 4-16. 

THO and TH1 in timer/counters and 1 serve as the 8-bit auto reloader section, and 

TLO and TL1 serve as the timer/counter section. 

If a carry signal is generated by the 8-bit timer/counter TLO and TL1, the respective 
auto reloader register data is preset in the timer/counter, and counting proceeds from 
the preset value. 

Timer flag is set by the timer/counter carry signal, and timer flag 1 is set by the 
timer/counter 1 carry signal. Timer/counter 1 carry signal can be used as the serial 

port clock source. 
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Figure 4-1 5 Timer/ counter mode 2 
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Figure 4- 16 Timer/counter 1 mode 2 



4.5.5.5 Mode 3 

In mode 3, timer/counter TLO and THO become independent 8-bit timer/eounters by 
the circuit connection shown in Figure 4-17. Timer/counter 1 does not operate when 
mode 3 is set. The TLO 8-bit timer/counter is controlled in the same way as the regular 
timer/counter 0, timer flag being set if a carry signal is generated from TLO. 
The THO 8-bit timer/counter is controlled only by TR1 , and the contno* covers only the 
start and stop of the counting. 

Timer flag 1 is set by a carry signal generated from THO. 

When timer/counter is set to mode 3, timer/counter 1 can operate in modes 0, 1 , or 
2, and be used as the serial port clocl^ source. Control of timer/counter 1 counting 
start and stop in this case is handled between the Qperating mede and mode 3; If mode 
3 is set, the timer/counter 1 counting operation is stopped. 
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Figure 4-1 7 Timer/counter O mode 3 
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4.5.6 Timer/ counter carry signal detector circuit 

The detector circuit shown in Figure 4-18 is inserted between the MSM80C31/ 
MSM80C51 timer/counter carry output and the timer flag. The purpose of this detector 
is to prevent loss of the timer flag by operation data when execution of the OR, AND, 
EOR, RESET bit, or MOV bit instruction which destination operand is the timer control 
register is completed. If a timer carry is generated during execution of one of these in- 
structions on the timer control register (TCON), the timer flag may be lost. Hence, even 
if a timer carry signal is generated during execution of an instruction, that flag will not 
be set while the instruction is still being executed. The flag is set at M2 • SI during exe- 
cution of the next instruction. If a timer carry is generated during M1 thru M3 when ex- 
ecuting a 4-machine cycles Imtreffiisw, th© tiimer fla® Is s#t iaflwg M3 or M4. See 
Figure 4-1 Q for the time chart.. 
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Figure 4-18 Timer/counter detector circuit 
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Figure 4-19 Timer flag setting time cdiart 
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4.6 Serial Port 
4.6.1 Outline 

MSM80C31 /MSM80C51 is equipped with a serial port which can be used in I/O exten- 
sion and UART (Universal Asynchronous Receiver/Transmitter) applications. 
In I/O extension mode, 8-bit serial data tttput/oBtput is synchronized with the 
MSM80C31/MSM80C51 output clock. 

In UART mode, 10-blt and 11-bit frame lengths can be selected, and baud rate settings 
up to a maximum of 375K baud are enabled during 12 MHz (XTAL1 ■ 2) operations. In 
1 1-bit frame mode, ninth bit of data is used to form a multi-processor communication 
system based on the serial bus. 

A block diagram of the serial port is shown In Figure 4-20. 
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4.6.2 Special function registers for serial port 
4.6.2.1 SCON (Serial Port Control Register) 

SCON is an 8-bit special function register consisting of control bits for specifying 
serial port operation modes and enabling/disabling data reception, storage bits for the 
9th bit of data sent and Feeeiwed during 11 -bit frame UART mode, and the serial port 

status flag. 

In addition to specifying 3C0N Isy data address 98H, each bit can be specified 

individually. 

The functions of each SCON bit are listed in Table 4-1 3, and the functions of each 
operational mode specified by SCON are indicated in Table 4-1 4. 



Table 4-1 3 SCON 



Bit 


Symbol 


Function 





Rl 


"End of reception" flag. This is the interrupt request flag set by 
hardware when reception of one frame has been completed. The 
Interrupt is generated by ORing with the Tl flag. Since the flag cannot 
be cleared by hardware, it must be cleared by software. 


1 


Tl 


"End of transmission" flag. This is the interrupt request flag set by 

hardware when transmission of one frame has been completed. The 

interrupt is generated by ORing with the Rl flag. 

Since the flag cannot be cleared by hardware, it must be cleared by 

software. 


2 


RB8 


Storage of the 9th bit of the data received during 1 1 -bit frame UART 
mode (mode 2 or 3). When in 1 0-bit frame UART mode (mode 1 ), the 

stop bil IS stored, instead. 


3 


T88 


Storage of the 9th bit of the data to be sent during 1 1 -bit frame UART 

mode (mode 2 or 3). 


4 


REN 


Receive enable bit. Reception is not activated if REN is not set. 


5 


SM2 


If SM2 is set when in 1 1 -bit frame UART mode (mode 2 or 3), and the 
9th bit of the received data is "1 ", the received data is accepted and 
loaded into SBUF and RB8, and the Rl flag is set. If the 9th bit of the 
received data is "0", the received data is disregarded and the SBUF. 
RB8, and Rl flags remain unchanged. This function is used to enable 
communication between processors in multi-processor systems. 
If SM2 is set when in 1 0-bit frame UART mode (mode 1 ) and the stop 
bit "1 " cannot be received, the received data is disregarded, and the 
SBUF, RB8, and Rl flags remain unchanged. When SM2 = "0", 
however, data Is received irrespective of the "0"/"1 " status of the stop 
bit. 

SM2 must be cleared when in I/O extension mode (mode 0). 


6 


SM1 


Used in setting serial port operation mode. See Table 4-1 4. 


7 


SMO 


Used in setting serial port operation mode. See Table 4-1 4. 
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Table 4-14 Serial port operatioN monies 



SMO 


SMI 


Mode 


Function 


Baud rate 











I/O extension 


1 /1 2 Fosc 





1 


1 


10-bil frame UART 


Variable 


1 





2 


1 1 -bit frame UART 


1 /32 Fosc or 1 /64 Fosc 


1 


1 


3 


11 -bit frame UART 


Variable 



Note: Fosc denotes frequency of fundamental oscillator (XTAL1 • 2) 



4.6.2.2 SBUF (serial port buffer register) 

SBUF is an 8-bit special function register used to store sending and receiving data. 
Although the SBUF is specified by the same data address 99H for both writing and 
reading, physically separate registers are specified. That Is, the sending circuit SBUF 
Is specified by instructions where SBUF Is used as a destination operand, and the re- 
ceiving circuit SBUF is specified by instructions where SBUF is used as a source 
operand. 

4.6.2.3 SMOD (double baud rate bit) 

SMOD controls the division of the baud rate clock source when the serial port is in 
UART mode (mode 1 , 2, or 3). 

If SMOD is cleared to "0" when in mode 1 or 3, the timer/ counter 1 overflow frequency 
divided by 2 becomes the baud rate clock source. And If SMOD is set to "1", the 
timer/counter 1 overflow frequency becomes the baud rate clock source. 
If SMOD is cleared to "0" when In mode 2, 1/2XTAL1 • 2 divided by 2 becomes the 
baud rate clock source. And If SMOD Is set to "1", 1/2XTAL1 • 2 becomes the baud 
rate clock source. 

SMOD corresponds to bit 7 of PCON (Power Control Register) specified by data ad- 
dress 87H. Designation by bit address Is not possible. 



4.6.3 Operating moiles 
4.6.3.1 ModeO 

4.6.3.1.1 Outline 

Mode is the I/O extension mode where input and output of 8-bit data via RXD (P3.0) 
is enabled synchronized with the output clock from RXD (P3.1). 

The baud rate in mode is fixed to 1/12 of the fundamental oscillator (XTAL1 • 2) 
frequency to enable the serial port to operate synchronized with the basic 
MSM80C31/MSM80C51 timing. 

A block diagram of the mode serial port is shown in Figure 4-21, the operational 
timing chart is shown in Figure 4-22, and the serial port operation timing in relation to 
the basic MSM80C31 /MSM80G51 timing is shoswn in Figure 4-23. 

4.6.3.1.2 Mode baud rate 

In mode 0, the baud rate is determined by the following equation to synchronize opera- 
tions with the basic MSM80C31 /MSM80CS1 timinf. 

B = Fosc X -j^ 

where B is baud rate, and Fosc is the fundamental (XTAL1 -2) frequency. 

4.6.3.1 .3 Mode output operafton 

Data dutpLft is commenced by writing data in SBUF. 

The SBUF data is obtained sequentially from RXD one machine cycle after completion 
of the SBUF data write instruction, the LSB appearing first. 

Two states after starting the LSB...eatput, output of the TXD synchronizing clock is 
commenced. This synchronized clock is at level "0" from the latter half of S3 thru to 
the first half of S6, and at "1 " level from the latter half of S6 thru to the first half of S3. 
The transmit circuit is initialized immediately following completion of output of the 
MSB, and the Tl flag is set at the first Ml • S3 cycle after that. 

4.6.3.1 .4 Mode Input operation 

Data input is initiated when REN = "1" and Rl = "0". This is achieved by an instruction 
used to set REN or by an instruction used to clear the Rl flag or by an instruction 
which does both simuttaneousty. 

Output of the TXD synchronizing clock is Initiated nine states after REN = "1 " and Rl = 
"0". The synchronized clock is at level "0" from the latter half of S3 thru to the first half 
of S6, and at level "1 " from the latter half of S6 thru to the first half of S3. 
The RXD data is read sequentially into an input shift register in the serial port just 
before the synchronized clock is changed from "0" to "1 ". 

When input of the 8-bit data is completed, loading of the input shift register data into 
SBUF (with the LSB at the beginning of the input data) occurs at the same time that the 
receiving circuit is initialized. The Rl flag is then set at the first M1 • S3 cycle after com- 
pletion of input of the 8-bit data. 
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4.6.3.2 Mode 1 

4.6.3.2.1 Outline 

Mode 1 is the 10-bit frame DART mode (witli one start bit, eight data bits, and one stop 
bit) where the baud rate may be set to any value depending on the timer/counter 1 
setting. 

A blocl< diagram of the serial port in mode 1 is shown in Figure 4-24, and the operation- 
al timing chart is given in Figure 4-25, 

4.6.3.2.2 Mode 1 baud rate 

Since the timer/counter 1 overflow becomes the baud rate clock source in mode 1, the 
baud rate is determined by the timer/counter 1 overflow frequency and SMOD value 
according to the following equations. 

B = Ftim X -1- X (SMOD=0) 
c lb 

B=Ftim X (SM0D =1) 

1 D 

where B is the baud rate and Ftim is the timer/counter 1 overflow frequency. 

When timer/counter 1 is used as a timer in auto reload mode (mode 2), the baud rate is 
ti^srminedtoy the following equations. 

B = Foscx ^x -^^^ ^ i ^iV (S^^OD = 0) 
B = Foscx J^x x^ (SM0D = 1) 

where B is the baud rate, Fosc the fundamental (XTAL1 • 2) frequency, and DTH1 the 
TH1 contents (expressed in decimal). 

4.6.3.2.3 Mode 1 transmit operation 

The basic clock, TXCLOCK in Figure 4-25, for transmitting purposes is obtained from a 
hexadecimal counter overflow which uses half of the timer/counter 1 overflow frequen- 
cy when SMOD = or the unchanged timer/counter 1 overflow frequency when SMOD 
= 1 as the clock. 

Transmission is initiated when transmission data is written in SBUF. 
The start bit, the eight SBUF data bits (with the LSB first), and the stop bit are transmit- 
ted sequentially from the TXD synchronized with the basic clock. 
As soon as output of the eight data bits has been completed, the transmit circuit is 
initialized, aftd the Tl flag is set at the first Ml • S3 cycle after the completion of that 
output. 
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4.6.3.2.4 Mode 1 receive operation 

The receive circuit timing is generated by a hexadecimal counter which employs the 
halved timer/counter 1 overflow frequency (when SMOD = 0) or the unchanged timer/ 
counter 1 overflow frequency (when SMOD = 1) as the clock, and the input data re- 
ceived from the RXD Is bit synchronized. That is, at the same time that reception is 
started, following input of the start bit, the hexadecimai counter commences to count 
up, and with one complete round of the hexadecimal counter corresponding to one bit 
of received data, reception is continued by the receive circuit. Therefore, 
timer/counter 1 must be set so that the period of a single round of the hexadecimal 
counter is equal to the reception data baud rate. 

The RXD change from "1" to "0" is regarded as the beginning of the start bit for 
reception. 

When this "1" to "0" change in RXD is detected, the hexadecimal counter which had 
been reset starts to count up. When the hexadecimal counter is in state 7, 8, and 9, 
the start bit is sampled, and is accepted as valid if at least two of the three sampled 

values are "0", thereby enabling data reception to continue. If two or three of the 
sampled values are "1", the start bit becomes invalid, and the receive circuit is initial- 
ized when the hexadecimal counter reaches state 1 0. 

The reception data is sampled when the hexadecimal counter is in state 7, 8, and 9, 
and the more common value of the three sampled values is read sequentially as data 

into the input shift register. 

If the conditions stated below are satisfied when the hexadecimal counter is in state 
10 during the period of the stop bit, the input shift register data (the LSB being read 
first) is loaded into SBUF, and the sampled stop bit is read into RB8, thereby initializing 
the receive circuit. 
^^nW@ns: (1) Rl ="0" 

(2) SM2 = "0", or 

SM2 = "1 " and sampled stop bit = "1 " 
The Rl flag is set at the first M1 • S3 cycle after the initialization. 

If the above conditions are not satisfied, the received data is disregarded, and the re- 
ceive circuit is initialized without change to the SBUF, RBB, and Rl flags. 
Since the receive circuit is divided into two stages (input shift register and SBUF), pro- 
cessing of the previous receive data may be completed within the interval up to the 
stop bit period of the next frame. 
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4.6.3.3 Mode 2 

4.6.3.3.1 Outline 

Mode 2 is an 11 -bit frame UART mode (with one start bit, eight data bits, one multi- 
purpose bit, and one stop bit) where the baud rate is 1/64th or 1/32nd of the funda- 
mental oscillator (XTAL1 - 2) frequency. A block diagram of the serial port in mode 2 is 
shown in Figure 4-26, and the operational timing chart is given in Figure 4-27. 

4.6.3.3.2 Mode 2 baud rate 

Since the fundamental oscillator frequency divided by two serves as the baud rate 
clock source in mode 2, the baud rate is determined by ttie SMOD value according to 

the following equations. 

B = Fosc X ^ X 4- X (SMOD = 0) 

B = Fosc X -1- X (SMOD = 1) 

where B is the baud rate and Fosc is the fundamental oscillator (XTAL1 • 2) frequency. 

4.6.3.3.3 Mode 2 transmit operation 

The basic clock, TXCLOCK in Figure 4-27, for transmitting purposes is obtained from a 
hexadecimal counter overflow which employs the frequency of 1/2XTAL1 • 2 divided 
by 2 when SMOD = or the unchanged 1/2XTAL1 • 2 frequency when SMOD = 1 as 
the clock. 

Transmission is started when transmission data is written in SBUF. The start bit, the 
eight SBUF data bits (with the LSB first), TBS, and the stop bit are thus transmitted 
sequentially from the TXD synchronized with the basic clock. 

As soon as the TBS output has been completed, the transmit circuit is initialized, and 
the Tl flag is set at the first Ml • S3 cycle after the completion of that output. 

4.6.3.3.4 Mode 2 receive operation 

The receive circuit timing is generated by a hexadecimal counter which employs the 
clock frequency of 1/2XTAL1 • 2 divided by 2 when SMOD = or the unchanged 
1/2XTAL1 • 2 frequency when SMOD = 1 as the clock. The input data received from 
the RXD is bit synchronized. That is, at the same time that reception is started following 
input of the start bit, the hexadecimal counter commences to count up, and with one 
complete round of the hexadecimal counter corresponding to one bit of received data, 
reception is continued by the receive circuit. Therefore, the reception data baud rate 
must be equal to the period of a single round of the hexadecimal counter. 
The change in RXD from level "1" to "0" is regarded as the trigger to commence 
reception. 

When this "1 " to "0" change in RXD Is detected, the hexadecimal counter which had 
been in reset mode commences to count up. When the hexadecimal counter is in state 
7, S, and 9, the start bit is sampled, and is accepted as valid if at least two of the three 
sampled values are "0", thereby enabling data reception to continue. If two or three of 
the sampled values are "1", the start bit becomes invalid, and the receive circuit is ini- 
tialized when the hexadecimal counter reaches state 10. 

The reception data is sampled when the hexadecimal counter is in state 7, 8, and 9. 
The most common value of the three sampled values is read sequentially as data into 
the input shift register. 
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If the conditions stated below are satisfied when the hexadecimal counter is in state 
10 during the period of the multi-purpose data bit, the input shift register data (the LSB 
being read first) is loaded into SBUF and the sampled multi-purpose data bit is read 
Into RB8. 

And when the hexadecimal counter Is In state 10 during the period of the stop bit, the 

receive circuit is initialized. 
Conditions: (1) Rl = "0" 

(2) SM2 = "0", or 

SM2 = "1 " and sampled multi-purpose data bit = "1 " 
The Rl flag Is set at the first M1 • S3 cycle after the initialization. 

If the above conditions are not satisfied when the hexadecimal counter Is in state 10 
during the multi-purpose data bit interval, the received data is disregarded, the SBUF, 
RB8, and Rl flags remain unchanged, and the receive circuit Is Initialized when the 
hexadecimal counter is in state 10 during the stop bit Interval. 

Since the receive circuit is divided into two stages. Input shift register and SBUF, pro- 
cessing of the previous receive data may be completed within the interval up to the 
multi-purpose data bit period of the next frame. 



INTERNAL BUS 



WRITE . 
TO SBUF 



1/2 

XTAL1-2 ' 



SMOD 



SM0D=1 I 
^ 



Lr-J 

' — 1/2 — ' 



SMOD=0 



SERIAL — 

PORT INTERRUPT 



START friiT — I sbufTt) 



BAUD RATE 
CLOCK 



1/16 
COUNTER 



START 



INPUT SHIFT REG. 



BAUD RATE 
CLOCK 



1/16 
COUNTER 



F 



RXD 

SAMPLE 

LOGIC 



SBUF (R) 



SM2IV 



RECEIVE DATA 
NEGLECT LOGIC 



INTERNAL BUS 



Figure 4-26 Serial port (mode 2) 



TX CLOCK I 



WRITE TO SBUF 



"tXD \ start bit/- po y pi i p2 X D3 -X D4 X D5 ] r D6 X D7 t TB8 / gynp RJT 
TERMINATE TRANSMISSION p 



jn 

Ml -33 



T 



RXD 

V START BIT/ DO , D, — ^ 02 » 03 j 54 )t I L D6 X— D7 t RBg / CTng «IT 



J RX COUNTER RUN 












RXD SAMPLE CLOCK 












nnn nnn 


nnn 


nnn nnn nnn nnn nnn 


nnn 


Jinn 


nnn 


SHIFT-IN CLOCK n 


n 


n n n n n 


n 






LOAD SBUF 








n 




TERMINATE RECEPTION 










n 


Rl |— 






Figure 4-27 Serial port (mode 2) timing chart 






Ml -83 



m 

m 



3 



MsmiH^iiiSiMtt^i mm mmi 



4.6.3.4 Mode 3 

4.6.3.4.1 Outline 

Mode 3 is another 11 -bit frame UART mode (with one start bit, eight data bits, one 
multi-purpose bit, and one stop bit). Whereas the baud rate is 1 /64th or 1 /32nd of the 
fundamental oscillator frequency in mode 2, the mode 3 baud rate can be freely select- 
ed depending on the timer/counter 1 setting. Apart from the ability to vary the baud 
rate, mode 3 is identical to mode 2. 

A block diagram of the serial port in mode 3 is shown in Figure 4-28, and the operation- 
al timing chart is given in Figure 4-29. 

4.6.3.4.2 Mode 3 baud rate 

Since the timer/counter 1 overflow frequency serves as the baud rate clock source in 
mode 3, ttie baud rate is determined by the same equations as in mode 1 . 

B = Ftim X -1- X (SMOD = 0) 
d lb 

B = Ftim X (Sry/I0D = 1) 

1 o 

where B is the baud rate and Ftim is the timer/counter 1 overflow frequency. 

And when timer/counter 1 is used as a timer in auto reload mode (mode 2), the baud 
rate is determined by the following equations. 



B=Fosc X 4 X X T X iV ^^^OD^O) 

^ = ^oscx^x X (SM0D = 1) 

where B is the baud rate, Fosc the fundamental (XTAL1 ■ 2) frequency, and DTH1 the 
TH1 contents (expressed in decimal). 

4.6.3.4.3 Mode 3 transmit operation 

The basic clocl<, TXCLOCK in Figure 4-29, for transmitting purposes is obtained from a 
hexadecimal counter overflow which employs the halved timer/counter 1 overflow fre- 
quency when SMOD = or the unchanged timer/counter 1 overflow frequency when 
SMOD = 1 as the clock. 

Transmission is commenced when transmission data is written in SBUF. 

The start bit, the eight SBUF data bits (with the LSB first), TBS, and the stop bit are 

thus transmitted sequentially from the TXD synchronized with the basic clock. 

As soon as the TBS output has been completed, the transmit circuit is initialized, and 

the Tl flag is set at the first Ml ■ S3 cycle after the completion of that output. 
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4.6.3.4.4 Mode 3 receive operation 

The receive circuit timing is generated by a tiexadecimal counter which employs the 
halved timer/counter 1 overflow frequency when SMOD = or the unchanged timer/ 
counter 1 overflow frequency when SIvlOD = 1 as the clock. The input data received 
from the RXD is bit synchronized.That is, at the same time that reception is started fol- 
lowing input of the start bit, the hexadecimal counter commences to count up, and with 
one complete round of the hexadecimal counter corresponding to one bit of received 
data, reception is continued by the receive circuit. Therefore, timer/counter 1 must be 
set so that the period of a single round of the hexadecimal Gounter is equal to the re- 
ception data baud rate. 

The RXD change ffvm to "0" Is regarded as the beginning of the start bit for 
reception. 

When this "1" to "0" change in RXD is detected, the hexadecimal counter which had 
been in reset mode commences to count up. When the hexadecimal counter is in state 
7, 8, and 9, the start bit is sampled, and is accepted as valid if at least two of the three 
sampled values are "0", thereby enabling data reception to continue. If two or three of 
the sampled values are "1", the start bit becomes invalid, and the receive circuit is re- 
initialized when the hexadecimal counter reaches state 10. 

The reception data is sampled when the hexadecimal counter is in state 7, 8, and 9, 
and the more common value of the three sampled values is read sequentially as data 
into the input shift register. 

If the conditions stated below are satisfied when the hexadecimal counter is in state 
10 during the period of the multi-purpose data bit, the input shift register data (the LSB 
being read first) is loaeted Into SBUF, and the sampled multi-purpose data bit is read 
into RB8. 

And when the hexadecimal counter is in state 10 during the period of the stop bit, the 
receive circuit is initialized, 
^iditions: (1) Rl = "0" 

(2) SM2 = "0", or 

SM2 = "1 " and sampled multi-purpose data bit = "1 " 
The Rl flag is set at the first Ml • S3 cycle after that. 

If the above conditions are not satisfied when the hexadecimal counter is in state 10 
during the multi-purpose data bit interval, the received data is disregarded, the SBUF, 
RB8, and Rl flags remain unchanged, and the receive circuit is initialized when the 
hexadecimal counter is in state 10 during the stop bit interval. 

Since the receive circuit is divided into two stages (input shift register and SBUF), pro- 
cessing of the previous receive data may be completed within the interval up to the 
UUjflti-purpose data bit period of the next frame. 
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4.6.4 Serial port application examples 
4.6.4.1 I/O extension 

I/O extension can be achieved by using the serial port in mode 0. An Input extension 

example Is shown in Figure 4-30 and the corresponding timing chart is shown in 
Figure 4-31. The parallel input is latched into 74LS165 with the output of the latch 
pulse PX.X. Then, this Is followed by REN = 1 and Rl = setting, and shift In of 
74LS165 data. 
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Pigiire 4-30 Input extension example 
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Figure 4-31 Input extension example timing chart 



An output extension example is stiown in Figure 4-32 and ttie corresponding timing 
chart is shown in Figure 4-33. After output data has been written into SBUF and the 
output sequence completed, the latch pulse output from PX.X is obtained and the 
74LS164 data is shifted to 74LS373. 
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Rgiffe 4-32 Output extension eirample 
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Figure 4-33 Output extension example timing chart 



An input/output extension example is shown in Figure 4-34 and the corresponding 
timing chart is shown in Figure 4-35. When input data is applied, INPUT CONTROL is 

©hanged from "0" to "1", and the parallel input Is latched. This is then followed by REN 
= 1 and Rl = settings, and shift in of 74LS165 data. INPUT CONTROL is returned to 
"0" after the input has been completed. Since INPUT CONTROL is connected to the 
74LS126 control pin, the MSM80C31/MSM80C51 switches the 74LS126 output to 
high impedance when 74LS165 input data is not being applied, thereby preventing col- 
lision between the 74LS126 and MSM0OC31/MSM8OC51 outputs. 
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When output data is gengrated, after the output data is written into 74LS164, an 
output latch pulse is generated from OUTPUT CONTROL, and the 74LS164 data is 
transferred to 74LS373. Although the 74LS164 data is changed to parallel input data 
when 74LS165 data is passed to MSM80C31 /MSM80C51 , an output latch pulse is 
generated only when output data is obtained from MSM80C31 /MSM80C51 , thereby 
preserving the integrity of the data in 74LS373. 
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Figure 4-34 Input/output extension example 
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In all examples, additional multiple bit I/O extension is made possible by multiple cas- 
cade connections of 74LS1 64 or 74LS1 65. 
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4.6.4.2 Multi-processor systems 

Multi-processor systems can be configured witli the MSM80C31 /MSM80C51 using 
the serial port in mode 2 or mode 3 for inter-processor communications. 
If reception data bit 9 (multi-purpose bit) is "1 " when SM2 is set in mode 2 or 3, recep- 
tion data is received and an interrupt is generated. If the data bit is "0", however, 
the reception data is disregarded and no interrupt is generated. This function is em- 
ployed in forming a multi-processor system when more than one MSM80C31/ 
MSM80C51 device is coupled by a serial bus. 

An example of a multi-processor system with one master processor and a number of 
slave processors is shown in Figure 4-36. In this example, data is transmitted only 
from master to slave processors. Operation proceeds in accordanoe wlttt the following 
protocol. 

(1) Set SM2 = "1". All slave processors wait in standby mode for address data from 
the master processor specifying which slave is to be selected. 

(2) With TBS set to "1 " to distinguish address data from other data, the master proces- 
sor generates address data. 

(3) At this stage, all slave processors generate interrupts and check whether the re- 
ceived address data was for them. 

(4) The specified slave processor sets SM2 = "0" to prepare for reGeption of the sub- 
sequent data to be sent by the master processor. 

Slave processors which are not specified remain at SM2 = "1 ". 

(5) With TB8 = "0", the master processor next sends data following the address data. 

(6) Since the specified slave processor is changed to SM2 = "0", all of the data follow- 
ing the address data is received and processed. 

(7) The slave processors which are not specified (that is, where SM2 = "1 ") disregard 
all data after the address data and wait in standby mode for the next address data. 

(8) After transmitting all of the intended data the master processor generates a final 
special code (predetermined in advance). 

(9) When this special code is received by the previously specified slave processor, 
SM2 = "1 " is set and that slave processor is again put into standby mode awaiting 
the address data. 
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4.7 Interrupts 
4.7.1 Outline 

MSM80C31 /MSM80C51 is equipped with five interrupts. 

1. INTO : External interrupt 

2. TMO : Timer interrupt 

3. INT1 : External interrupt 1 

4. TM1 : Timer interrupt 1 

5. SI/0 : Serial port interrupt 

These five interrupts are controlled by Interrupt Register (IE) and Priority Register (IP). 
When the relevant interrupt conditions are met,- the resp©Gtiv© Irttmupt address is 
called and the interrupt process is initiated. 

The interrupt addresses are listed in Table 4-1-5, and the interrupt control equivalent 
circuit is shown in Figure 4-37. 



Table 4-1 5 Interrupt addresses 





Interrupt source 


Interrupt address 


1 


External Interrupt 


3I0003H] 


2 


Timer interrupt 


1 1 [OOOBH] 


3 


External interrupt 1 


19(001 3H] 


4 


Timer interrupt 1 


27[001 BH] 


5 


Serial port 


35[0023H] 



INTERRUPT REQUEST 
FLAG REGISTER 



INTERRUPT ENABLE 
REGISTER 



SOURCE ENABLE 



INTERRUPT PRIORITY 
REGISTER 



TC0N.1 lEO 
EXTERNAL INTERRUPT 



TC0N.5 TFO 
TIMER INTERRUPT 



TC0N.3 IE1 
EXTERNAL INTERRUPT 1 



TC0N.7 TF1 
TIMER INTERRUPT 1 



SCON.O 

SC0N.1 Tl 
SERIAL PORT INTERRUPT 



INTERRUPT ADDRESS DATA 




HIGH PRIORITY 
INTERRUPT 



LOW PRIORITY 
INTERRUPT 



n 

cn 



Figure 4-37 Interrupt control equivalent circuit 
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4.7.2 Interrupt enable register (IE) 

The function of the interrupt enable register (IE, ASH) is to enable or disable interrupt 
processing whenever an interrupt request is made. 

To execute the intended interrupt processing, the interrupt is enabled by setting "1" in 
the corresponding bit in the interrupt enable register, and on requested, the interrupt 
is processed. 

Requested interrupts are disabled if the corresponding bit is "0", and the interrupt pro- 
cessing is not executed. 

The contents of the interrupt enable register (IE) are shown in Table 4-1 6. 



Table 4-1 6 Interrupt enable register (IE, ASH) 



Bit 


7 


6 


5 


4 


3 


2 


1 





Flag 


EA 






ES 


ET1 


EX1 


ETO 


EXO 



EXO : External interrupt control bit 

Interrupt enabled when "1 ", disabled when "0". 
ETO : Timer interrupt control bit 

Interrupt enabled when "1 ", disabled when "0". 
EX1 : External interrupt 1 control bit 

Interrupt enabled when "1 ", disabled when "0". 
ET1 : Timer interrupt 1 control bit 

Interrupt enabled when "1 ", disabled when "0". 
ES : Serial port interrupt control bit 

Interrupt enabled when "1", disabled when "0". 

— : Reserve bit for output of "1 " when read. 

— : Reserve bit for output of "1 " when read. 

EA : Interrupt control ^it for all five interrupts (EXO, ETO, EX1 , ET1 , and ES) 

When EA is "1", interrupt processing is commenced if interrupt conditions 
are met for any one of the five interrupts. 

When EA is "0", interrupt processing is not commenced even if interrupt 
conditions are met for any one of the five interrupts. 
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4.7.3 Interrupt priority register (IP) 

The function of the interrupt priority register (IP, B8H) is to allocate rights to commence 
processing of interrupts on a priority basis when an interrupt is requested. 
Each interrupt source can be programmed to higher priority level by setting the bit 
corresponding to the interrupt source in the interrupt priority register (IP). When the in- 
terrupt conditions are satisfied for an interrupt with higher priority, even if another in- 
terrupt with lower priority (priority bit being "0") Is already being processed, that pro- 
cessing is suspended, and the higher priority interrupt is serviced first. Note that once 
processing of a higher priority interrupt has been commenced, processing of the next 
interrupt cannot start until the current interrupt is completed. 
The contents of the Interrupt priority register are giv@n in Table 4-1 7. 



Table 4-1 7 lirtemipt priority reg^er (IP, B8H) 



Bit 


7 


6 


5 


4 


3 


2 


1 





Flag 








PS 


PT1 


PX1 


PTO 


PXO 



PXO : External interrupt priority bit 

PTO : Timer interrupt priority bit 

PX1 : External interrupt 1 priority bit 

PT1 : Timer interrupt 1 priority bit 

^ : Serial port interrupt priority bit 

— : Reserve bit for output of "1 " when read. 

— : Reserve bit for output of "1 " when read. 

— : Reserve bit for output of "1 " when read. 



4.7.3.1 Priority interrupt process flow 

The flow of interrupt process when a priority interrupt is generated after processing 
has commenced on a non-priority interrupt g©Refated during €96mJtion of a main rou- 
tine program Is outlined in Figure 4-38, 




Figure 4-38 Interrupt processir^ flow chart during priority circuit operation 
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4.7.3.2 Interrupt priority when priority register (IP) contents are all "O" , 

The interrupt priority when the priority register (IP, B8H) contents are all "0" indicates 
the priority in which a certain interrupt is processed in preference to other interrupts 
when interrupt requests are generated simultaneously. As can be seen from Table 
4-18, the external interrupt has the highest priority while the serial port interrupt has 
the lowest priority. 

If all priority bits are "0" and a certain interrupt is in process, it will not be preerapted 
by another interrupt regardless of its priority. 

The same operational preferences as descrited above also exist when ail priority bits 

are "1". 



Tattle 4-18 Non- priority interrupt order of 
preference 



Order of 
preference 


Interrupt source 


1 


External interrupt 


2 


Timer interrupt 


3 


External interrupt 1 


4 


Timer interrupt 1 


5 


Serial port 
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4.7.4 Detection of external interrupt signais INTO and INT1 
4.7.4.1 Outline of INT signal detection 

The external interrupt signals and 1 can be set to level-detect or trigger-detect mode 
by the ITO and IT1 data values of bits and 2 in ttie timer control register (TCON 88H) 
as Indicated in Table 4-1 9. 



Table 4-19 TCON [88H] register 





Timer 


INT1 


INTO 


Bit 


7 


6 


5 


4 


3 


2 


1 





Flag 


TF1 


TR1 


TFO 


TRO 


IE1 


III 


lEO 


ITO 


Set 












• 




• 



4.7.4.2 External interrupt signal and 1 level detection 

When the bit-0, ITO, in the timer control register (TCON 88H) is "0", external interrupt 
is detected on the basis of the level of the signal. And when the bit 2, IT1, is "0", exter- 
nal interrupt 1 is also detected on the basis of the signal's level. 
In the level detection mode, external Interrupts and 1 are detected by the equivalent 
circuit shown in Figure 4-39. When the level of the external interrupt pin is "0" at S5 
timing, the level is latched and the Q output becomes "1". The latched external inter- 
rupt signal sets the external interrupt flag in the timer control register (TCON) at the S3 
timing. This interrupt flag set by external Interrupt signal is always reset at S6 In the 
last machine cycle of instruction execution, effectively being equivalent to a "level 
sense" operation. The cycle width of the respective "0" and "1" levels of the external 
interrupt signal applied to the external interrupt pin in this case must be at least 12 
times (1 2T) XTAL1 -2 oscillator clock cycle time T. 
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Figure 4-39 Interrupt level input equivalent circuit for IT bit "0" 
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4.7.4.3 External interrupt signal and 1 trigger detection 

When the bit or 2, ITO or IT1 , in the timer control register (ICON 88H) is "1", external 
interrupt is transition-activated. 

With the external interrupt signals in the transition activated mode, external Interrupts 
and 1 are detected by the equivalent circuit shown in Figure 4-40. When the level of 
the external interrupt pin is "0" at S5, th« level is latched at the first stage and the Q 
output becomes "1". The external interrupt signal stored in the first stage latch is 
transfered to the second stage and is subject to digital differentiation until the S3 
signal becomes acttve. The RS-F/F In ttie ne»t stage is then set by the differentiated 
output signal. 

The external interrupt signal applied to the RS-F/F Is synchronized with the M2-S3 
signal to be applied as a trigger for the external interrupt flag in the timer control regis- 
ter (TCON). The RS-F/F is subsequently reset at M2-S4 and it waits for the next 
interrupt. Note that the next interrupt signal cannot be detected until the first stage 
latch detects a level "0" to level "1 " transition on the external interrupt signal. 
The cycle width of the respective "0" and "1 " levels of the external interrupt signal ap- 
plied to the external interrupt pin in this case must be at least 12 times (12T) XTAL1'2 
oscillator clock cycle time T. 
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4.7.5 MSM80C31/MSM80C51 interrupt response time charts 

4.7.5.1 Interrupt response time chart when interrupt conditions are satisfied during execution 
of ordinary instruetion 

If interrupt conditions are satisfied during execution of a ordinary instruction (which 
do not manipulate IE or IP) in the main routine, the MSM80C31 /MSM80C51 calls the 
interrupt address in the next cycle following completion of the ordinary instruction. 
The time chart is given in Figure 4-41 . 
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4.7.5.2 Interrupt response time chart when interrupt conditions are satisfied during execution 
of IE or IP register operation instruction 

If interrupt conditions are satisfied during execution of an instruction used to manipu- 
late the interrupt enable register (IE) or the interrupt priority register (IP) in the main 
routine, the MSM80C31 /MSM80C51 reactivates the interrupt mask circuit in the next 
cycle following completion of the register manipulation instruction. If interrupt condi- 
tions are met as a result of the re-interrupt mask, the interrupt address is called in the 
next cycle. That is, if the interrupt conditions are satisfied during execution of the IE or 
the IP manipulating instruction, the interrupt address is called after the next instruction 
following the register manipulating instruction is executed. The time chart is given in 
Figure 4-42. 

* In the MOV data address 1 , data address 2 instructions, transfer of data to another register 
from IE or IP is an exception. 
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4.7.5.3 Interrupt response time chart when an ordinary instruction is executed after temporariy 

relurning to tlie routine from continuous interrupt processing 
If an ordinary instruction (that is, not an IE or IP manipulating instruction) is executed 

after returning to the main routine following execution of tiie interrupt processing end 
instruction RETI, and if tlie next interrupt conditions were met during execution of an 
interrupt processing routine, the MSM80C31 /MSM80C51 calls the interrupt address 
in the next cycle following execution of one main routine instruction. The same occurs 
when interrupt conditions are satisfied during execution of the first main routine in- 
struction after returning to that routine from the interrupt processing routine. The time 
chart is shown in Figure 4-43. 
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4k7^5.4 Interrupt response time chart when an IE or IP manipulating Instnn^ion is executed 
after temporarily returning to the main routine from continuous interrupt processing 

If the "next" interrupt conditions are satisfied during execution of an interrupt process- 
ing routine, and if the interrupt terminating instruction RETI is then executed followed 
by a return to the main routine where an interrupt enable register (IE) or interrupt priori- 
ty register (IP) manipulating instruction is executed, the MSM80C31 /MSM80C51 acti- 
vates the interrupt mask circuit in the next cycle following execution of the register 
manipulating instruction. And if interrupt conditions ar© met as a result of the re- 
interrupt mask, the interrupt address is called In the next cycle. That is, if the instruc- 
tion executed in the main routine manipulates either IE or IP, the interrupt address is 
called after two instructions are executed. The time chart is shown in Figure 4-44. 
* In the MOV data address 1, data address 2 instructions, transfer of data to another register 
from IE or IP is an exception. 



4.8 CPU "Power Down" 

4.8.1 Outline 

Tiie CPU power down function operates in two modes - idle mode and power down 
mode. In the Idle mode (IDLE) where "1" Is set in bit (IDL) of the power control regis- 
ter (PCON) by software, XTAL1 -2 operation is continued but the clock to tlie CPU con- 
trol section is stopped, thereby halting CPU operations. In the power down mode (PD) 
where "1 " is set in bit 1 (PD) of the power control register (PCON) by software, both the 
XTAL1 -2 operation and the CPU operation Is stopped. 

The device can be forced out of the power down mode by either a reset or an interrupt. 

4.8.2 Idle mode (IDLE) setting 

Idle mode is set when "1 " is set in bit (IDL) of the power control register (PCON 87H). 
The circuit connection involved in this setting is shown in Figure 4-45. 
In the idle mode, the clock to the CPU control section is stopped and the CPU opera- 
tions are halted. But since XTAL1-2 operations are maintained, the serial port, interrupt 
circuits, and timer/counters and 1 remain operative. The CPU pin status during the 
idle mode is outlined in Table 4-20, and the corresponding time charts for initiating the 
idle mode are shown in Figures 4-46 and 4-47. 
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Figure 4-45 Idle mode equivalent circuit 
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Table 4-^0 CPU pfn staM$ in Mis mo<de 



Name 


Internal ROM 


External ROM 


P1 .0 


Port data output 


Port data output 


P1.1 


Port data output 


Port data output 


PI. 2 


Port data output 


Port data output 


PI. 3 


Port data output 


Port data output 


PI .4 


Port data output 


Port data output 


P1.5 


Port ttata output 


Port data output 


PI .6 


Port data output 


Port data output 


P1.7 


Port data output 


Port data output 


RESET 


"0" level input 


"0" level input 


P3.0/RXD 


Port data output 


Port data output 


P3.1/TXD 


Port data output 


Port data output 


P3.2/TnT0 


Port data output 


Port data output 


P3.3/INT1 


Port data output 


Port data output 


P3.4/T0 


Port data output 


Port data output 


P3.5/T1 


Port data output 


Port data output 


P3.6/WR 


Port data output 


Port data output 


P3.7/RD 


Port data output 


Port data output 


XTAL2 


Oscillator operation 


Oscillator operation 


XTAL 1 


Oscillator operation 


Oscillator operation 


Vss 


0[V] 


0[V] 


P2.0 


Port data output 


Address 8 output 


P2.1 


Port data output 


Address 9 output 


P2.2 


Port data output 


Address 1 output 


P2.3 


Port data output 


Address 1 1 output 


P2.4 


Port data output 


Address 1 2 output 


P2.5 


Port data output 


Address 1 3 output 


P2.6 


Port data output 


Address 1 4 output 


P2.7 


Port data output 


Address 1 5 output 


PSEN 


"1 " level output 


"1 " level output 


ALE 


"1 " level output 


"1 " level output 


ea" 


"1 " level input 


"0" level input 


P0.7 


Port data output 


Floating 


P0.6 


Port data output 


Floating 


P0.5 


Port data output 


Floating 


P0.4 


Port data output 


Floating 


P0.3 


Port data output 


Floating 


P0.2 


Port data output 


Floating 


P0.1 


Port data output 


Floating 


PO.O 


Port data output 


Floating 


Vcc 


+2,S ~ +6 M 


+2.5 ~ +6 M 



XTAL1 
ALE 
PSEN 
W-PCON 
*PCON-bHO 
PORT-0 
PDfiT-1 
PORT-2 
PORT-3 



— - > 


# - mtmMZ »| 


k M1 > 


^ Ml 

Lwj m»* St** 




^ ^ Ml ^ 

?l „ SI S3 S4 S5 S6 , 


1 

1 


1 ' ' i ( 1 

mfinlmlmpM 




IMJl 

1 


in 

U L 


T T 


iMiMiim 

1 1 1 1 

1 I 1 1 


inn 

U U L 


H i H 

1 I , 1 ' 










1 1 


"'T-T--T--T"" 


1 








1 1 1 1 

; 1 1 I 








' 1 -1 ' 






I i ; 




1 1 ' ' 

1 ! 1 ' 


1 





1 1 

1 


' ' ' 1 

II 






It'll 




1 1 [ ] ^ ' 

_ l_. _ . i_ _ J. 






— 1 — • — 


— \ ' — 1 — 1 ' 

1 1 1 






' 1 " ! 1 1 
! ! 1 1 1 




I 

PORTC 

• 


S A T A 1 






— u- 

' 1 


[ 1 1 




1 1 ; ; 1 i 1 1 


1 1 I 1 ' 




1 1 1 1 1 1 




; 1 : : ; I I I 


r 1 . . 1 1 

PORT DATA 

1 1 ' 1 1 1 




1 1 1 1 1 > 
1 - - 1 1 1 1 1 1 


1 




1 i 1 1 1 , 
PORT DATA 




1 1 I . . 1 . ' 1 
.... . ^ , . , , . ,,, ..... 


; 1 : : ; ; ; 1 


PORT DATA 


1 


1 . ' . 1 1 1 




1 1 . , 1 
1 I 1 1 1 

1 I 1 1 t 
IDLE SET CYCLE 




1 

\ 


1 1 

1 1 

1 IDLE 


1 

I 

WODE 






1 


1 1 I 1 
, 1 1 1 

' i i ! 






— ^ — I — \ \ — 

1 1 I I 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
I 1 1 1 1 
1 1 1 1 1 

1 1 1 ' 1 
1 1 1 t 1 

; 1 1 1 1 
' 1 ' ' 1 

1 1 1 1 ! 


< — 


1 
1 


1 
1 
1 
1 
1 
1 

1 
1 




1 
( 

1 
1 

1 






1 

1 
1 
1 

1 

1 


1 1 I ] 
', 1 [ 1 

' ' ' 

' 1 ' I 

' ' 1 ' 

1 1 1 1 
1 1 ' 1 

' i 1 ' 





Figure 4-46 Idle mode setting (Internal ROM mode) 
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Figure 4-47 Idle mode setting (external ROM mode) 
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4.8.3 Power down mode (PD) setting 

Power down mode is set when "1" is set in the PD bit of the power control register 
(PCON, 87H). The circuit connection involved in this setting is shown in Figure 4-48. 
In power down mode, both the XTAL1 -2 and the CPU operations are halted. 
The integrity of the CPU data memory (RAM) and I/O port data, however, is preserved 
during this mode. 

The CPU pin status during the power down mode is outlined in Table 4-21 , and the cor- 
responding time charts for initiating the power down mode are shown In Figures 4-49 
and 4-50. 
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Figure 4-48 Power down mode equivalent cireuR 
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Table 4-21 CPU pin status in power down mode 



Name 


Internal ROM 


External ROM 


P1 .0 


Port data output 


Port data output 


P1 .1 


Port data output 


Port data output 


P1 .2 


Port data output 


Port data output 


PI .3 


Port data output 


Port data output 


PI .4 


Port data output 


Port data output 


PI .5 


Port data output 


Port data output 


PI .6 


Port data output 


Port data output 


PI .7 


Port data output 


Port data output 


RESET 


"0" level input 


"0" level input 


P3.0/RXD 


Port data output 


Port data output 


P3.1/TXD 


Port data output 


Port data output 


P3.2/rNT0 


Port data output 


Port data output 


P3.3/INT1 


Port data output 


Port data output 


P3.4/T0 


Port data output 


Port data output 


P3.5/T1 


Port data output 


Port data output 


P3.6/WR 


Port data output 


Port data output 


P3.7/RD 


Port data output 


Port data output 


XTAL 2 


Oscillator stopped 


Oscillator stopped 


XTAL 1 


Oscillator stopped 


Oscillator stopped 


Vss 


[V] 


[V] 


P2.0 


Port data output 


Port data output 


P2.1 


Port data output 


Port data output 


P2.2 


Port data output 


Port data output 


P2.3 


Port data output 


Port data output 


P2.4 


Port data output 


Port data output 


P2.5 


Port data output 


Port data output 


P2.6 


Port data output 


Port data output 


P2.7 


Port data output 


Port data output 


PSEN 


"0" level output 


"0" level output 


ALE 


"0" level output 


"0" level output 


EA 


"1 " level input 


"0" level input 


P0.7 


Port data output 


Floating 


P0.6 


Port data output 


Floating 


P0.5 


Port data output 


Floating 


P0.4 


Port data output 


Floating 


P0.3 


Port data output 


Floating 


P0.2 


Port data output 


Floating 


P0.1 


Port data output 


Floating 


PO.O 


Port data output 


Floating 


Vcc 


+2.0 ~ +6 [V] 


+2.0 ~ +6 [VI 



XTAL1 



ALE 



«#M2 



SI S2 S3 S4 S:S SiS- 



jMUiMinlinlim 



1 



PD SET CYCLE 



Ml 



PORT DATA 



PORT DATA 



PORT DATA 



PORT DATA 



PORT DATA 



PORT DATA 



PORT DATA 



PORT DATA 



POWER DOWN MODE 

il ■■ 



Rgiira4-49 



Power down mode setting (Internal ROM mode) 
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I I I 
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PCL 
1 


' 1 




1 


1 1 



M1 



i 

i 

i 



I 
i 



FLOATING 



PORT DATA 



PORT DATA 



PCH 



PCH 



PORT DATA 



PORT DATA 



PORT DATA 



PD SET CYCLE 



PORT DATA 



POWER DOWN MODE 
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Figure 4-50 



Power down mode setting (external ROM mode) 
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4.9b CPU Power Down (IDLE and PD) Cancellation (CPU Activation) 

4.9.1 Outline 

CPU power down (IDLE and PD) can be cancelled (CPU activation) in two ways. 
One way is to reset the CPU and execute from address (common method for both 
IDLE and PD modes), and the other is to generate a CPU interrupt and execute from 
the interrupt address. This method can only be used if device is in the IDLE mode. 

4.9.2 Cancellation by CPU resetting 

The CPU is reset when a "1" is applied to the CPU RESET pin, and the CPU power 
down state (IDLE or PD mode) is cancelled. Programs are subsequently executed by 
the CPU from address 0. The reset time charts are outlined in Figures 4-51 thru 4-54. 
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Pi9ur« 4-51 RsBtart tt^ixn idte mode by vesstttng (Int^Ml ROIII mods) 
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Figure 4-52 R^tart from idle mode by fi^etting (external ROM mode) 
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Figure 4-54 Restart from power down mode by resetting (external ROM mode) 



4.9.3 Reactivation of CPU by an interrupt 

An interrupt control bit in the interrupt enable register (IE, ASH) is set prior to setting 
idle mode. And "1" is then set in bit (IDL) of the power control register, PCON, to put 
the device in the idle mode. 

All five interrupts can thus be used to cancel the idle mode. When "1" is set in the in- 
terrupt flag in ICON and SCON, clock signals are then passed to the CPU, the interrupt 
address is called, and execution starts from the interrupt address. 
However, if all interrupts have been disabled, the idle mode cannot be cancelled by 
this method, the RESET pin has to be used. The idle mode cancellation equivalent cir- 
cuit (cancellation by interrupt) is shown in Figure 4-55, and the time charts are shown 
in Figures 4-56 and 4-57. 
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Fignre 4-55 Equivalent circuit for idle mode cancellation by Interrupt signal 
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Figure 4-56 Restart from idle mode by interrupt INTO or 1 (internal ROM mode) 
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Figure 4-57 Restart from idle mode by interrupt INTO or 1 (external ROM mode) 
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5. INPUT/OUTPUT PORTS 



5.1 Outline 

MSM80C31 /MSM80C51 is equipped with four 8-bit input/output ports. The functions 

of these four ports (port 0, 1 , 2, and 3) are listed below. 

1) Port 0: Input/output bus port, address output port, and data input/output port. 

2) Port1: Quasi-bidirectional input/output port. 

3) Port 2: Quasi-bidirectional inpuVoutput port and address output port. 

4) Port 3: Quasi-bidirectional input/output port and control input/output pin. 



Port is an 8-bit input/output port with circuit structure Indicated in Figure 5-1 . When 
port is used as an input/output port in internal ROM mode (MSM80C51), the equiva- 
lent circuit of Port is indicated in Figure 5-2. When operated as an output port, portO 
becomes an open drain output port, and when operated as an input port, "1" has to be 
set in the port latch to put the port pin into floating status prior to using the port for 
input purposes. 

When port is used in external ROM mode (MSM80C31) and external RAM mode, the 
equivalent circuit is as shown in Figure 5-3 where addresses and data outputs are ob- 
tained as "1 " and "0" by totem pole output driver. When data from external ROM or ex- 
ternal RAM is input, port automatically becomes a tri-state input port. 
When the CPU is reset or when an external ROM or external RAM is accessed, "1 " is 
set automatically in the port latch. The port pin table is shown in Table 5-1 . 



5.2 Porto 



PD/DATA - 



VCC 




PORTO 



Figure 5-1 Port internal equiwaiiont cMreutt 
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Figure 5-2 Port biput/putput port equivalent circuit in internai ROM mode 
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ngure 5-3 Port equivalent circuit during address and data input/ output when in external 
ROM/RAM mode 



Table 5-1 Port pin table 



\ 


PORTO 


Accumulator bit 


Address 


1 


POO 


ACC.O 


RA " 


2 


P0.1 


ACC.1 


RA ^ 


3 


P0.2 


ACC.2 


RA ^ 


4 


P0,3 


ACC.3 


RA ^ 


5 


P0.4 


ACC.4 


PC A 


6 


P0.5 


ACC.5 


RA ^ 


7 


P0.6 


ACC.6 


PC fi 
RA"^ 


8 


P0.7 


ACC.7 


RA ' 
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5.3 Porti 

Port 1 is a quasi-bidirectional port capable of handling input and output of 8-bit data in 
ttie circuit configuration outlined in Figure 5-4. 

A "quasi-bidirectional port" refers to a port whicti fias internal pull-up resistance when 
it is used as an input port. The internal equivalent circuit is shown in Figure 5-5. 
If a quasi-bidirectional port is used exclusively as an output port, the port output driver 
becomes a totem-pole type for driving "1"s and "0"s. The output impedance, when the 
output is "1 ", is approximately 9 kohm, while a sink current is 1 .6 mA during the output 
of "0"s. 

When used as an output port, the "1" data accelerator circuit is activated for a period 
equivalent to two XTAL1-2 oscillator clocks only when the output data is shifted from 

"0" to "1". During this data acceleration operation, the "1" output impedance is 
changed to about 500 ohms, the lOH current is increased, and the output signal's lead- 
ing edge is speeded up. The accelerator circuit operation time chart is shown in Figure 
5-6. 

If a quasi-bidirectional port is used exclusively as an input port, "1" is first set in the 
port in advance. When the input signal applied to the input port is changed from level 
"1" to level "0", the port 10 kohm pull-up resistance is disconnected from the Vcc, 
leaving only the 100 kohm pull-up resistance. And when the input signal is changed 
from level "0" to level "1", the 10 kohm resistance is reconnected to the Vcc power 
supply, thereby connecting the 10 kohm and 100 kohm resistances to the Vcc supply 
in parallel. The quasi-bidirectional port input equivalent circuit is outlined in Figure 
5-7. 

The port 1 pin table is shown in Table 5-2. 
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Figure 5-4 Port 1 internal equivalent circuit 
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Figure 5-5 Quasi-bidirectional port equivalent circuit 
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Figure 5-6 Quasi-bidirectional port accelerator circuit operation time ctiart 
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(C) "0" data input equivalent circuit 



Figure 5-7 Quasi-bidirectional port input equivalent circuit 



Table 5-2 Port 1 pin table 



\ 


PORT1 


Accumulator bit 


1 


PI .0 


ACC 


2 


PI .1 


ACC.1 


3 


PI .2 


ACC. 2 


4 


P1.3 


ACC.3 


5 


P1.4 


ACC.4 


6 


PIS 


ACC.5 


7 


PI .6 


ACC.6 


8 


PI .7 


ACC.7 



imiWTPiriiiii 



S.4 Port 2 



Port 2 can function as a quasi-bidirectional port capable of handling input and output 
of 8-bit data In the circuit configuration outlined in Figure 5-8. It can also be used for 
output of addresses 8 thru 15 in external ROM mode and external RAM mode using 
the data pointer DPTR. 

When port 2 is used as a quasi-bidirectional port, it functions in much the same way 
as port 1 . Note, however, that the port 2 "1 " data accelerator circuit operates for a 
period equivalent to four XTAL1 -2 oscillator clocks. 

Output of addresses 8 thru 1 5 obtained from port 2 makes use of the circuit outlined in 
Figure 5-9. When the address output data is "1 ", the "1 " data accelerator circuit is ac- 
tivated during the output of the data, resulting in a larger drive capatoility. 
Th® pfiM 2 pin table is given in Table 5-3. 
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FSgur@ S-B Port 2 Internal e«iutalent circuit 
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Figure 5-9 Port 2 ROM/RAM address output equivalent circuit 
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Table 5-3 Port 2 pin table 



\ 


PORT 2 


Accumulator bit 


Address 


1 


P2.0 


ACC.O 


RA ^ 


2 


P2.1 


ACC.1 


RA ^ 


3 


P2.2 


ACC.2 


P^-in 
RA 1° 


4 


P2,3 


ACC.3 


RA 11 


5 


P2.4 


ACC.4 


RA l'^ 


6 


P2.5 


ACC.5 


RA 13 


7 


P2.6 


ACC.6 


PC 1^ 
RA-I'* 


8 


P2.7 


ACC.7 


RA 1° 



5.5 Port 3 

Port 3 can function as a quasi-bidirectional port capable of handling input and output 
of 8-bit data in the circuit configuration outlined in Figure 5-10. It can also be used as 
a CPU control pin. 

Wfien port 3 is used as a quasi-bidirectional port, all functions are identical to those 
described for port 1 . And when used as a CPU control pin, the port is used after first 
setting "1" in the port. Note that if the port is used with "0" port data, the CPU control 
signal is ANDed with the port "0" data, resulting in the CPU control signal remaining at 
level "0". 

Tim port 3 pin table is given in Table 5-5. 
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Figure 5- 1 Pert 3 internal equivalent circuit 
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Table 5-4 Port 3 alternate function table 



PORT 3 


PORT 3 PIN ALTERNATE FUNCTION 


P3.0 


RXD [SERIAL INPUT PORT] 


DO 1 

ro. 1 


Tvn rccDiAi itdi it dodtI 
1 aU L'^tnlAL UU I KU I rUH IJ 


P3.2 


INTO [EXTERNAL INTERRUPT 0] 


P3.3 


InTI [EXTERNAL INTERRUPT 1 ] 


P3.4 


TO [TIMER/COUNTER CLOCK] 


P3.5 


T1 [TIMER/COUNTER 1 CLOCK] 


P3.6 


WR [EXTERNAL DATA MEMORY 
WRITE STROBE] 


P3.7 


RD [EXTERNAL DATA MEMORY 
READ STROBE] 



Table 5-5 Port 3 pin table 



\ 


PORT 3 


Control 


Accumulator bit 


1 


P3.0 


RXD 


ACC.O 


2 


P3.1 TXD 


AGC.1 


3 


P3.2 INTO 


ACC.2 


4 


P3.3 iFTri 


ACC.3 


5 


P3.4 TO 


ACe.4 


6 


P3.5 


T1 


ACC.5 


7 


P3.6 


WR 


ACC.6 


8 


P3.7 


RD 


ACC.7 



m 



wmmim ports 



5.6 Port Output Timing 

1 ) One machine cycle instruction output timing 
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Figure 5-1 1 One machine eycte Instructfon port output time chart 
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2) Two machine cycle instruction output timing 
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Pigttre 9^ 1 2 Two machine cycle ittstruction port output ttme chart 
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5.7 Port Oata Mariipulating Instructions 

The MSM80C31/MSM80C51 port operation instructions for ports 0, 1 , 2, and 3 are 
divided into two groups — one where external signals applied to the port pin are used 
according to the instruction to be executed, and the other where port latch data unef- 
fected by the applied external signals Is used. Instructions which use port latch data 
are listed below. 



INC 


data address 


DEC 


data address 


ORL 


data address, # data 


ANL 


data address, # data 


XRL 


data address, # data 


ORL 


data address, A 


ANL 


data address, A 


XRL 


data address, A 


CPL 


bit address 


JBC 


bit address. Code address 


DJNZ 


data address, Code address 




data address 
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6. iimocai/iiiMiocsi electrical characteristics 



6.1 Absolute Maximum Ratings 



Parameter 


Symbol 


Condition 


Rating 


Unit 


Supply voltage 


Vcc 


Ta = 25°C 


-0.5~ 7 


V 


Input voltage 


Vi 


Ta = 25°C 


-0.5 - Vcc + 0.5 


V 


Storage 
temperature 


Tstg 




-55 ~ +150 


°c 



6.2 Operational Ranges 



Parameter 


Symbol 


Condition 


Rating 


Unit 


Operating voltage 


Vcc 


*1 fosc=DC~16 MHz 


2.5 ~ 6 


V 


Memory tiold 
voltage 


Voc 




2 ~ 6 


V 


Ambient 
temperature 


Ta 




-40 ~ +85 





*1 DC and AC ctiaracteristics in ttie range of 1 2 MHz < f ^ 1 6 MHz and 2.5 V <_\/cc < 4V will be 
specified etsewharB. 
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6.3 DC Characteristics 



(Vcc = 5 V rt20%, Vss = V, Ta = -40°C to +85°C) 



Parameter 


Symbol 


Conditions 




TVD 
1 Y P 


M A V 
MMA 


1 1 nit 

unit 


Measuring 
Circuit 


Input Low 
Voltage 


ViL 




-0.5 




0.2 Vcc-0.1 


V 




Input High 
Voltage 


VlH 


Except 
XTAL1 
and RESET 


0.2 Vcc + 0.9 




Vcc+0.5 


V 




Input High 
Voltage 


VlH1 


XTAL1 and 
RESET 


0.7 Vcc 




Vcc+0.5 


V 




Output Low 
Voltage 
[PORT 1,2, 3] 


Vol 


l0L = 1.6 mA 






0.45 


V 




Output Low 
Voltage 
[PORTO, ALE, 
PSEN] 


V0L1 


IOL = 3i2mA 






0.45 


V 


1 


Output High 


VOH 


lOH = -60 ^A 
Vcc = 5V±10% 


2.4 






V 




Voltage 
[PORT 1,2,3] 










\J 








loH = -10/i.A 


0.9 Vcc 






V 




Output Higti 


VOHl 


lOH = -400/xA 

VCC — Ov±lU^ 


2.4 






V 




Voltage 
[PORT 0, ALE, 
P^ll 


lOH = -150/nA 


0.75 Vcc 






V 






1 /-\ It - — ji r\ tt A 

lUn — fj.f\ 












Logical 

Input 
Current 
[PORT 1 , 2, 3] 


IlL 


Vi = 0.45 V 






-200 




2 


Logical 1 to 
Transition 
Current 
[PORT 1,2,3] 


ITL 


Vi = 2.0V 






-500 




Input Leakage 
Current 

[PORTO 

floating, EA] 


ILI 


Vss < Vi< Vcc 






±10 


mA 


3 


RESET 

Pulldown 

Resistor 


Rrst 




20 


40 


126 


KH 


2 


Pin 

Capacitance 


Clo 


Ta=25°C, 
f=1 MHz 
5V [except 
XTAL1] 






10 


PF 
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Parameter 


Symbol 


Conditions 


MIN 


TYP 


MAX 


Unit 


Measuring 
Circuit 


Power Down 
Current 


IPD 


Vcc = 2 V 




1 


50 






Maximum 

Power 

Supply 

Current 

Normal 

Operation 




Vcc = 


4 


5 


6 


V 






fosc = 12MHz 


12 


16 


20 


mA 




Ice 


fosc = 8MHz 


8.3 


1 1 


14 


mA 






fosc = 3.5MHz 


4.3 


5,7 


7.5 


mA 


4 






fose=0.5MHz 


1.6 


2.2 


3 


mA 




Maximum 
Power 
Supply 
Current 
Idle Mode 




fosc = 1 2 MHz 


2.5 


3.7 


5 


mA 




Icci 


fosc = 8MH2 


1 .8 


2.7 


3.7 


mA 




fosc = 3.5 MHz 


1 .1 


1 .6 


2.2 


mA 






fosc = 0.5 MHz 


0.6 


0.9 


1 .2 


mA 





"ii 



MSM80C31/MSIIII80CS1 ILECTRIEAL CflHUCTERISTiCS 



Measuring circuits 











vcc 










1- 




t- 

D 




Motp 




Q. 




Q- 
H 


VILo— 


3 


















o 






1 




vss 





Note 2 



V) (A 



VIHC 
VILO 









VCC 












H 






1- 




3 


Note 
3 




NPU 




CL 
H 




1 






o 








vss 





r 



Note 2 










vcc 


















H 




3 


Note 




3 
Q. 




Q. 

1- 


3 




z 




3 










o 








vss 





T 



Note 1 . Repeated for specified input pins 

2. Repeated for specified output pins 

3. Input logic for specified status. 
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6.4 External Program Memory Access AC Characteristics 

Vcc = 5 V zt20%, Vss = V, 1 2 MHz, Ta = -40''C to 85°C 

PORT 0, ALE, and PSEN cdfinected with 1 00 pF load, others connected with 80 pF load 



Parameter 


Symbol 


Ratings 


Unit 


12 MHz clock 


Variable clock 
from DC to 1 2 MHz 


MIN 


MAX 


MIN 


MAX 


XTAL 1 .2 Oscillator 
Period 


tCLCL 






83.3 




ns 


ALE Pulse Width 


tLHLL 


1 26 




2tCLCL-40 




ns 


Address Valid to 
ALE Low 


tAVLL 


43 




1 tCLCL-40 




ns 


Address Hold After 
ALE Low 


tLLAX 


48 




1 tCLCL-35 




ns 


ALE Low to valid 
Instrin 


tLLIV 




1 83 




4tCLCL-100 


ns 


ALL Low to 
PSEN Low 


tLLPL 


58 




1 tCLCL-25 




ns 


roLN rutse Wiutn 


tPLPH 


215 




3tCLCL-35 




ns 


PSEN Low to 
Valid Instr In 


tPLIV 




100 




3tCLCL-105 


ns 


Input Instr Hold 
After PSEN 


tPXIX 












ns 


Input Instr Float 
After PSEN 


tPXIZ 




63 




1 tCLCL-20 


ns 


PSEN to Address 
Valid 


tPXAV 


75 




1 tCLCL-8 




ns 


Address to 
Valid Instrin 


tAVIV 




266 




5tCLCL-105 


ns 


PSEN Low to 
Address Float 


tPLAZ 












ns 



IM 



MSMBocsi/Msmosf 1 eliEfimiiiiiiMiiiies 



External pm§f&m tmmGrf r<^d @yete 



ALE 



PS EN 



PORTO 




PORT 2 A8~A15 



MSM80C31/MSII80C51 USER'S MANUAL 



6.5 External Data Memory Aeimsm AC Cliaraieli^Msll^ 

Vcc = 5 V ±20%, Vssj=0 V, 1 2 MHz, Ta = -40°C to 85°C 

PORT 0, ALE, and PSEN connected with 1 00 pF load, others connected with 80 pF load 



Parameter 


Symbol 


Ratings 


Unit 


IZMHzclocIt 


Variable clocl^ 
from DC to 12 MHz 


MIN 


MAX 


IVIIN 


MAX 


XTAL 1 .2 Oscillator 
Period 


tCLCL 






83.3 




ns 


ALE Pulse Width 


tLHLL 


126 




2tCLCL-40 




ns 


Address Valid to 
ALE Low 


tAVLL 


43 




1 tCLCL-40 




ns 


Address Hold After 
ALE Low 


tLLAX 


48 




1 tCLCL-35 




ns 


RD Pulse Width 


tRLRH 


400 




6tCLCL-1 00 




ns 


WR Pulse Width 


tWLWH 


400 




otCLCL— 1 00 




ns 


HD Low to Valid 

Data In 


tRLDV 




251 




5tCLCL-1 65 


ns 


Data Hold Atter HU 


tRHDX 












ns 


Data Float After RD 


tRHDZ 




96 




2tCLCL-70 


ns 


ALE Low to Valid 
Data In 


tLLDV 




516 




8tCLCL-150 


ns 


Address to Valid 
Data In 


tAVDV 




585 




9tCLCL-165 


ns 


ALE Low to 
RD or WR Low 


tLLWL 


200 


300 


3tCLCL-50 


3tCLCL+50 


ns 


Address to 

KU or WH LOW 


tAVWL 


233 




4tCLCL-130 




ns 


Data Valid to 
WR Transition 


tQVWX 


23 




1tCLCL-60 




ns 


Data Valid to 
WR High 


tQVWH 


433 




7tCLCL-150 




ns 


Data Hold After WR 


tWHQX 


33 




1tCLCL-50 




ns 


RD Low to Address 
Float 


tRLAZ 












ns 


RDorWRHighto 
ALE High 


tWHLH 


43 


133 


1 tCLCL-40 


1 tCLCL+50 


ns 



m 



External iete^ mMrtory riaMiey^ift 



7 U-^ 



PORT 2 PCH 



A8~A15PCH ^ 



tRLAZ 



I ..... fa^ 



P2.0~P2.7DATAorA8-A16DPH ¥ A8~A15PCM 



External data memory write cycle 



HA0~A7\ 

3( 



PSEN I \ l~ 



JA 



A8~A1SPCH 



A0~A7'| 
^rorDPL I 



\ 



P2.0~P2.7 DATApr A8~A1 S DPH 



"^^AO A7\ 



m. 



6.6 Serial Port (I/O ExtensUm Mod^ AC Chara@te!rteti^ 

Vcc = 5 V ±20%, Vss = V, Ta = -40°C to 85°C) 



Parameter 


Symbol 


Min 


Max 


Unit 


Serial Port Clock Cycle Time 


tXLXL 


12tCLCL 




^S 


Output Data Setup to Clock 
Rising Edge 


tOVXH 


lOtCLCL 






Output Data Hold After Clock 

Rising Edge 


tXHQX 


2tCLCL-177 




nS 


Input Data Hold After Clock 
Rising Edge 


tXHDX 







nS 


Clock Rising Edge to Input 
Data Valid 


tXHDV 




IOtCLCL-133 


nS 



M|M9Qe3yi(ffilli(i)e6) It^R'S lUfHIIlL 



6.7 AC Charaeteristics Me^uring Conditions 

1. Input/output signal 



VOH 



VOL 




VOL 



* The input signals in AC test mode are eitlier Voh (logic "1 ") or Vol (logic "0") input signals 
where logic "1" corresponds to a CPU output signal waveform measuring point in excess of 
ViH, and logic "0" to a point below Vil 



g. Floating 




* The port floating interval Is measured from the time the port pin voltage drops below Vih 
after sinking to GND at 2.4 mA when switching to floating status from "1" output, and from the 
time the |X)rt pin voltage exceeds Vil after connecting to a 400 /xA source when switching 
to floating status from "CT" output. 



T.DESCaPTIOH 

OF 

INSTRUCnONS 
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7. DESCRIPTION OF INSTRUCTIONS 



7.1 Outline 

MSM80C31/MSM80C51 is a microcontroller designed for parallel processing in an 
8-bit ALU. The instructions consist of 8-bit units of data, and are available as 1-word 1- 
mactiine cycle, 2-machine cycle, and 4-machine cycle instructions as well as 2-word 

1 -machine cycle and 2-machine cycle instructions and 3-word 2-machine cycle 
instructions. There Is a total of 1 1 1 Instructions classified into the following groups. 



(1 ) Arithmetic and logic instructions (15) 

(2) Accumulator operation instructions (7) 

(3) Increment & decrement instructions (9) 

(4) Logical operation instructions (18) 

(5) Immediate data setting instructions (5) 

(6) Carry flag operation instructions (9) 

(7) Bit operation instructions (3) 

(8) Data transfer instructions (11) 

(9) Constant value instructions (2) 

(1 0) Data exchange instructions (4) 

(1 1 ) Subroutine instructions (6) 

(1 2) Jump instructions (4) 

(1 3) Branching instructions (1 3) 

(1 4) External data memory instructions (4) 

(15) Other instruction (1) 



lit 



mwmmm 



7.2 Description of instruction Symtiols 

A description of the instruction symbols is listed below: 



A 

AB 
AC 
B 
C 

DPTR 

PC 

Rr 

SP 

AND 

OR 

XOR 

+ 

X 

/ 

(X) 
((X)) 

# 



< 
> 

bit address 
code address 

data 

relative offset 
direct address 



Accumulator 

Register pair 

Auxiliary carry 

Arithmetic operation register 

Carry (the bit 7 carry represented by CY is changed to C in Chap- 
ter 7.) 

Data pointer 
Program counter 

Register representation (r = 0/1 , or r = thru 7) 

Stack pointer 

Logical AND 

Logical OR 

Exclusive OR 

Addition 

Subtraction 

Multiplication 

Division 

Representation of the contents of X 

Representation of the contents addressed by contents of X 
Symbol denoting immediate data 
Symbol denoting indirect address 

Equal 
Not equal 
Substitution 
Substitution 
Negation (upper bar) 
Smaller than 
Larger than 

RAM or special function register bit designated address 
Absolute address (Aothru Ats, Ao thru An) 
Immediate data (lo thru I?) 
Corrected relative jump address value 

RAM or special function register data designated address ("direct 
address" representation changed to "data address" during 
detailed description of instructions) 



7.3 List of Instructions 
MSM80C31/MSM80C51 instruction table 



V 







1 


2 

10 


3 

11 


4 

10 


5 

1 1 


6 

110 


7 

111 


8 

10 


9 

10 1 


A 

10 10 


B 

10 11 


C 

110 


D 

110 1 


E 

1110 


F 

1111 




0000 


NOP 


AJMP 
address 1 1 
(page 0) 


LJMP 

address 16 






OlivCI 


















INC H6 


INC R7 


000 1 


JBC bil, 
rel 


ACALL 
(pageO) 


LCALL 
addrsss 1 6 






DEC 











DEC R2 


DEC R3 




DEC R4 


DEC RS 


DEC R6 


DEC R7 


2 


JBb[t. 
rel 


AJMP 
addrcfss 1 1 
(page 1 1 


— 




ADDA, 
#data 


ADD A. 

direct 


ADDA, 

"RO 


ADDA. 

"Rl 


ADD A, RO 


ADD A, Rl 


ADD A. R2 


ADD A, R3 


ADO A. R4 


ADD A, R5 


ADDA, R6 


ADD A, R7 


3 


JNBbit, 
rel 


ACALL 
address 1 1 
(page 1 ) 


RETI 


RLCA 


ADDC A. 
#data 


ADDC A, 
direct 


ADDC A. 
■"RO 


ADDC A, 
"Rl 


ADDC 

A, RO 


ADDC 
A.R1 


ADDC 
A.R2 


ADDC 
A. R3 


ADDC 
A. R4 


ADDC 
A, R5 


ADDC 
A,R6 


ADDC 
A, 


4 

0100 


JC bit. 
rel 


AJMP 
address 1 1 
(page 2) 


ORL 
direct, A 


ORL 
direct 
, #data 


ORL A, 
ttaaia 


ORL A. 
direct 


ORL A, 
" RO 


ORL A, 
■"Rl 


ORLA, RO 


ORLA, Rl 


ORLA. R2 


ORLA. R3 


ORLA. R4 


ORLA. R5 


ORLA, R6 


ORLA, R7 


5 
0101 


JNC rel 


ACALL 
address 1 1 
(page 2) 


ANL 
direct. A 


ANL 
direct 
. #data 


ANL A, 
#data 


ANL A, 
direct 


ANL A. 
*R0 


ANL A, 
»?R1 


ANLA, RO 


ANLA. Rl 


ANLA. R2 


ANLA. R3 


ANLA. R4 


ANLA. R5 


ANLA. R6 


ANLA, R7 


6 


JZ '61 


AJMP 
address i i 
ipage 31 


XRL 

direct, A 


XRL 
direct 
. #data 


XRL A. 
#data 


XRL A. 
direct 


XRL A. 
"RO 


XRL A. 

*fRl 


XRLA. RO 


XRLA. Rl 


XRLA. R2 


XRLA, R3 


XRLA, R4 


XRLA. RS 


XRLA. R6 


XRLA. R7 


7 

0111 


JNZ rei 


ACALL 
address 1 1 
(page 3) 


ORL C. 
bit 


JMP 

"A + DPTR 


MOV A. 
#data 


MOV 
direct 
.#data 


MOV «;R0, 
#dala 


MOV **R1, 
#data 


MOVRO, 
#data 


MOVR1. 
#data 


MOV R2. 
#data 


MOV R3, 
#data 


MOV R4. 
#data 


MOV R5. 
#data 


MOV R6. 


M0VR7. 
#data 


8 


SJMP 

rel 


AJMP 
{page 4) 


ANL C, 
bit 


MOVC A. 
I'fA+PC 




MOV 
direct 2 


MOV 

i" RO * 


MOV 

"Rl ' 


MOV 

RO^' ' 


MOV 
R1^*^ ' 


MOV 
R? 


MOV 
R3 


MOV 

direct, 

R4 


MOV 

direct, 

RS 


MOV 

direct. 

R6 


MOV 
direct, 
R7 


9 
1001 


MOV 
DPTR, 
#data 1 6 


ACALL 
address 1 1 
(page 4) 


MOV bit. 
C 


MOVC A. 
#A+DPTR 


SUBB A, 
#dala 


SUBB A, 
direct 


SUBR A, 
"RO 


SLJBB A, 
"Rl 


SUBB A, 
RO 


SUBB A, 
Rl 


SUBB A. 
R2 


SUBB A, 
R3 


SUBB A, 
R4 


SUBB A. 
R5 


SUBB A, 
R6 


SUBB A, 
R7 


A 
1010 


ORL 
C./bit 


AJMP 
address 1 1 
{page 5) 


MOV C, 
bil 


INC 
DPTR 


MUL AB 




MOV "RO, 
direct 


MOV "R1, 
direct 


MOV RO. 

direct 


MOVRl. 
direct 


M0VR2. 

dtrect 


MOV R3. 
direct 


MOV R4. 
direct 


M0VR5, 
direct 


MOV R6. 
direct 


MOV R7, 
direct 


B 
101 1 


ANL 
C./bit 


ACALL 
address 1 1 
(page 5) 


CPL bit 


CPLC 


CJNE A. 
#data,rei 


CJNE A. 
direct.rel 


CJNE " RO. 
direct.rel 


CJNE " Rl 
direct, ret 


CJNE RO. 
#data.rel 


CJNE Rl, 
#data.rel 


CJNE R2, 
#d3ta.rel 


CJNE R3. 
#dat3.rel 


CJNE R4. 
#data,rel 


CJNE R5. 
#data,rel 


CJNE R6, 
#data.rel 


CJNER7. 
#data.rel 


c 

1 100 


PUSH 
direct 


AJMP 
address 1 1 
(page 6) 


CLR bit 


CLRC 


SWAP A 


XCH A. 
direct 


XCH A. 

ffiRO 


XCH A, 

■tRI 


XCHA, RO 


XCHA.R1 


XCHA. R2 


XCHA, R3 


XCHA. R4 


XCHA. R5 


XCHA. R6 


XCHA. R7 


D 
1 101 


POP 
direct 


ACALL 
(page 6) 


SETBbIt 


SETBC 


DA A 


DJN2 
direct, rel 


XCHD A, 
'*^R0 


XCHD A, 

lirRl 


DJNZ RO, 

rel 


DJNZ Rl, 
rel 


DJNZR2, 

rel 


DJN2R3. 
rel 


DJNZ R4. 
rel 


DJNZ R5. 
rel 


DJNZ R6, 
rel 


DJNZR7, 
rel 


E 

1110 


MOVX A, 
"DPTR 


AJMP 
address 1 1 
(page 7) 


MOVX A, 
"RO 


MOVX A, 
"Rl 


CLR A 


MOV A. 
direct 


MOV A. 
wRO 


MOV A, 
"R1 


MOVA, RO 


MOVA, Rl 


MOVA, R2 


MOVA, R3 


MOVA, R4 


MOVA, R5 


MOVA. R6 


MOVA, R7 


F 

1111 


MOVX 
" DPTR.A 


ACALL 
addressi t 
(page 7) 


MOVX 
" RO, A 


MOVX 
" Rl, A 


CPL A 


MOV direct 
A 


MOV -'I RO, 
A 


MOV '':R1, 
A 


MOVR0.A 


MOVRl, A 


M0VR2,A 


M0VR3.A 


M0VR4,A 


MOVR5.A 


M0VR6.A 


M0VR7.A 



7.4 Simplified Description of Instructions 

Note that "data address" Is represented as "direct address" In this description. 



Classifi- 
cation 


Mnemonic 


Instruction code 


Byte 


Cycle 


Description 


Page 


D7D6D5D4D3D2D1 DO 


Arithmetic operation instructions 


ADD A, Rr 


1 1 rz n ro 


1 




(AC),(OV),(C),(A) - (A)+(Rr) r=0~7 


177 


ADD A, direct 


1 1 1 

a? ae as 34 as 32 ai ao 


2 




(AC),(OV),(C),(A) — (A)+(dlrect address) 


178 


ADD A, @Rr 


1 1 1 ro 


1 




(AC),(OV),(C),(A) - (A)+((Rr)) r=0 or 1 


176 


ADD A, # data 


1 1 

I? U Is |4 |3 \s h lo 


2 




(AC),(OV),(C),(A) *- (A)+#data 


175 


ADDC A, Rr 


1 1 1 rz n ro 


1 




(AC),(OV),(C),(A) — (A)+(C)+(Rr) r=0~7 


181 


ADDC A, direct 


110 10 1 

37 ae as 34 33 32 a 1 so 


2 


^ 


(AC),(OV),(C),(A) ^ (A)+(C)+{direct address) 


182 


ADDC A, @Rr 


1 1 1 1 ro 


1 




(AC),(OV),(C),(A) - (A)+(C)+((Rr)) r=0 or 1 


180 


ADDC A, # data 


110 10 

|7 Is Is \i |3 I2 I1 lo 


2 




(AC),(OV),(C),(A) -(A)+(C)+#data 


179 


SUBB A, Rr 


10 1 1 r? n ro 


1 




(AC),(OV),(C),(A) -(A)-((C)+(Rr)) r=0~7 


287 


SUBB A, direct 


10 10 10 1 

a? 36 as 34 33 32 ai ao 


2 




(AC),(OV),(C),(A) - (A)-((C)+(djrect address)) 


288 


SUBB A, @Rr 


10 10 1 1 ro 


1 




(AC),(OV),(C),(A) - (A)+((C)+«Rr))) r=0 or 1 


286 


SUBB A,#data 


10 10 10 
I7 \e Is U I3 |2 I1 lo 


2 




(AC),(OV),(C),(A) - (A)-((C)+#data) 


285 


MUL AB 


10 10 10 


1 


4 


(AB) - (A) X (B) 


263 


DIV AB 


10 1 


1 


4 


(A) quotient, (8) remainder — (A)/(B) 


212 


DA A 


110 10 10 


1 


1 


If the contents of accumulator bits thru 3 exceed 9, 
or the auxili3ry csrry (AC) is 1, 6 is added to 
bits thru 3. And if examination of bits 4 thru 7 shows 
that the result of adding the carry following correction 
of the lower order bits thru 3 by 6 is in excess of 9, or 
carry (C) is 1, 6 is added to bits 4 thru 7. If a carry 
Is generated as a result, t Is set in the carry flag. 


206 



Classifi- 
cation 



Mnemonic 



Instruction code 



D7D6D5D4D3D2D1 DO 



Byte 



Cycle 



Description 



CLR A 



1110 10 



(A)-0 



200 



CPL A 



11110 10 



(A) -(A) 



203 



RL A 



1 1 1 



Carry Accumulator 



c I- 



277 



RLC A 



0) 
Q. 

o 



o 
o 
< 



1 1 1 1 



Carry Accumulator 



C 



278 



RR A 



1 1 



Carry Accumulator 



279 



RRC A 



1 1 1 



Carry 



Accumulator 



• C 



280 



SWAP A 



1 1 1 



(A4~7) ^=(A0-3) 



289 



Classifi- 
cation 


Mnemonic 


Instruction code 


Byte 


Cycle 


Description 


Page 


D7D6D5D4D3D2D1 DO 


Increment & decrement instructions 


INC A 


1 


1 




(A) -(Al+I 


218 


INC Rr 


1 r2 n ro 


1 




(Rr) — (Rr)+1 r=0~7 


220 


INC direct 


1 1 
a? ae as ai as az ai ao 


2 


— 


(direct address) — (direct address) + 1 


221 


INC @Rr 


1 1 ro 


1 




((Rr)) - ((Rr)) +1 r=0or1 


217 


INC DPTR 


1 1 1 1 


1 


— 


(DPTR) — (DPTR) + 1 


219 


DEC A 


1 1 


1 




(A) - (A) - 1 


209 


DEC Rf 


1 1 r2 n ro 


1 


1 


(Rr) - (Rr) - 1 r=0~7 


210 


DEC direct 


1 1 1 
a? ae as 34 as az ai ao 


2 




(direct address) — (direct address) - 1 


211 


DEC ®Rr 


000101 Iro 


1 




((Rrl) — ((Rr)) — 1 r=0 or 1 


208 


Logical operation instructions 


ANL A Rr 


n 1 n 1 1 ro fi rn 

\J 1 \J 1 1 1 e 1 1 1 U 


1 


— 


(A) — (A) AND (Rr) r=0~7 


1 Rfi 
1 OD 


ANL A, direct 


10 10 10 1 

fl7 flR f1l Sid ei'i fl7 f)1 fin 
d ' uD u3 Ck** do CL^ d I dU 


2 


1 


(A) — (A) AND (direct address) 


187 


ANL A @Rr 


10 10 1 1 ro 


1 


^ 


(A) ^ (A) AND ((Rr)) r=0 or 1 


1 85 


ANL A, #data 


10 10 10 

I7 Ig Is U Is I2 I1 lo 


2 


1 


(A) — (A) AND #data 


184 


ANL direct, A 


10 10 10 

a? ae as at as 32 31 ao 


2 




(direct address) <— (direct address) AND (A) 


191 


ANL direct, #data 


10 10 11 

3r 36 35 34 33 32 31 30 
I7 Is Is U Is I2 I1 lo 


3 




(direct address) — (direct address) AND #data 


190 


ORL A, Rr 


1 1 r2 n ro 


1 




(A) — (A) OR (Rr) r=0~7 


267 


ORL A, direct 


1 1 1 

37 36 35 34 as 32 3i 30 


2 




(A) — (A) OR (direct address) 


268 


ORL A, @Rr 


1 1 1 ro 


1 




(A) — (A) OR ((Rr)) r=0 or 1 


266 


ORL A, #data 


1 1 
Ir le Is U I3 12 li lo 


2 




(A) ~ (A) OR #data 


265 



Class ili- 
cation 


Mnemonic 


instruction code 
D7D6D5D4D3D2D1 DO 


Byte 


Cycle 


Description 


Page 


Logical operation instructions 


ORL direct, A 


1 1 
37 as as 34 33 32 3t 30 


2 


1 


(direct address) — (direct address) OR (A) 


272 


ORL direct, #data 


1 1 1 

37 36 35 34 33 32 3l 3o 
ir le is i4 ia i2 ii io 


3 


2 


(direct sddress) — (direct 3ddres8) OR #data 


271 


XRL A, Rr 


1 1 1 r2 n ro 


1 


1 


(A) ^ (A) XOR (Rr) r=0~7 


296 


XRL A, direct 


110 10 1 

a? ae 35 34 33 32 a 1 ao 


2 


1 


(A) — (A) XOR (direct 3ddress) 


297 


XRL A, @Rr 


1 1 1 1 ro 


1 


1 


(A) — (A) XOR ((Rr)) r=0 or 1 


295 


XRL A, #data 


110 10 

|7 is is i4 i3 I2 ll lo 


2 


1 


(A) — (A) XOR #dat3 


294 


XRL direct, A 


11 1 

37 ae 35 34 33 32 31 30 


2 


1 


(direct address) ^ (direct address) XOR (A) 


299 


XRL direct, #data 


1 1 1 1 

37 36 35 34 33 32 3i 30 
I7 ie is i4 |3 I2 ii io 


3 


2 


(direct address) ~- (direct address) XOR #data 


298 


Immediate data setting instructions 


MOV A, #data 


1 1 10 10 

I? le Is I4 b b b lo 


2 


1 


(A) — #data 


242 


MOV Rr, #data 


1 1 1 1 r2 n ro 
i7 le Is U I3 i2 ii lo 


2 


1 


(Rr) ~ #d3ta r=0~7 


J 4 8 


MOV direct, #data 


1110 10 1 

37 36 35 34 33 32 31 30 
b b is U b b b io 


3 


2 


(direct sddress) — #d3t3 


252 


MOV («)Rr, #data 


1 1 1 1 1 ro 
i? ie Is U is i2 ii io 


2 


1 


((Rr)) — #d3t3 r=0 or 1 


239 


MOV DPTR, 

#data 1 6 


1 1 

i 15 i 14 1 13 1 12 1 1 1 1 10 i9 is 

I7 ie is i4 I3 I2 ii io 


3 


2 


(DPTR) >- #data 1 6 


247 



Classifi- 
cation 


Mnemonic 


Instruction code 
n? nfi rr^ n4 n'^ n9 ni no 


' Byte 


Cycle 


Description 


Page 


Carry flag operation instructions 


CLR C 


1 10 1 1 


t 


1 


(C) -0 


201 


SETS 


110 10 11 


1 


1 


(C)-1 


281 


GPL C 


10 110 11 


1 


1 


(c) -W) 


204 


ANL C, bit 


1 1 

br be bs b4 bs b: bi lio 


2 


2 


(C) — (C) AND (bit address) 


188 


ANL C, /bit 


10 110 
b? be bs b4 bs b2 bi bo 


2 


2 


(C) — (C) AND (bit address) 


189 


ORL C, bit 


1110 10 
b? be bs b4 bs bi bi bo 


2 


2 


(C) — (C) OR (bit address) 


269 


ORL C, /bit 


1 10 
b? be bs b4 bs bz bi bo 


2 


2 


(C) - (C) OR (bit address) 


270 


MOV C, bit 


1 1 1 
b? be bs b4 bs b: bi bo 


2 


1 


(C) (bit address) 


246 


MOV bit, C 


1 1 i 
b/ be bs b4 ba br bi bo 


2 


2 


(bit address) — (C) 


251 


Bit operation 
instructions 


SETB bit 


110 10 10 
br be bs b4 ba b2 bi bo 


2 


1 


(bit address) •— 1 


282 


CLR bit 


1 1 1 

br be bs b4 bs b2 bi bo 


2 


1 


(bit address) —0 


202 


CPL bit 


10 110 10 
br be bs b4 bs b: bi bo 


2 


1 


(bit address) — (bit address) 


205 



Classifi- 
cation 


Mnemonic 


Instruction code 
ny nfi nci riA n'5 no ni nn 


Byte 


Cycle 


Description 


Page 


Data transfer instructions 


MOV A, Rr 


1 1 1 1 r2 n ro 


1 


1 


(A) — (Rr) r=0~7 


244 


MOV A, direct 


1110 10 1 
a? ae as a4 aa az ai ao 


2 


1 


(A) ~ (direct address) 


245 


MOV A, ®Rr 


1 1 1 1 1 ro 


1 


1 


(A) — ((Rr)) r=0 or 1 


243 


MOV Rr,A 


1 1 1 1 1 rz ri ro 


1 


1 


(Rr) ^ (A) r=0~7 


249 


MOV Redirect 


1 1 1 r? n ro 
a? ae as at as a: ai ao 


2 


2 


(Rr) — (direct address) r=0~7 


250 


MOV direct, A 


11110 10 1 
37 ae as 34 as a: ai ao 


2 


1 


(direct address) — (A) 


254 


MOV direct, Br 


1 1 r2 n ro 

37 36 35 34 33 32 ai ao 


2 


2 


(direct address) •— (Rr) r=0 — 7 


255 


MOV direct 1, 
direct 2 


10 1 1 
a7«a6'a6'a4»a3'a2'a,2ao^ 

a7'a6'a5'a4'a3'a2'ai'ao' 


3 


2 


(direct address 1) ^ (direct address 2) 


256 


MOV direct, @Rr 


1 1 1 ro 
37 ae as a4 as as at ao 


2 


2 


(direct address) ^ tnfti r=0 or 1 


253 


MOV @Rr, A 


1 1 1 1 1 1 ro 


1 


1 


((Rr)) ^ (A) r=0 or 1 


240 


MOV @Rr, direct 


10 10 1 1 ro 

37 36 35 34 33 32 31 30 


2 


2 


((Rr)) ^ (direct address) r=0 or 1 


241 


Constant 
value 

instructions 


MOVC A, @A+DPTR 


1 1 1 1 


1 


2 


(A) - ((A) + (DPTR)) 


257 


MOVC A, @A+PC 


1 1 1 


1 


2 


(PC) — (PC) + 1 
(A)-((A)+(PC)) 


258 



Classifi- 
cation 


Mnpmnnip 

IVI 1 ICI 1 lUI 1 


Instruction code 


Byte 


Cycle 




1 ciyc 


D7D6 D5D4D3D2D1 DO 


Data exchange 
instructions 


XCH A, Rr 


1 1 1 r* n ro 


1 


1 


{A)^=(Rr) r=0~7 


291 


XCH A, direct 


1 1 1 1 
ar ae as 34 as 32 ai ao 


2 


1 


(A) ^ (direct 3ddress) 


292 


XCH A, ®Rr 


1 1 1 1 ro 


1 


1 


(A) = ((Rr)) r=0 or 1 


290 


XCHD A, @Rr 


1 1 1 1 1 ro 


1 


1 


(A0-3) ((Rro-a)) r=0or1 


293 


Subroutine instructions 


PUSH direct 


1 1 

37 36 as 34 as 32 31 ao 


2 


2 


(SP) ^ (SP) + 1 

((SP)) (direct 3ddress) 


274 


POP direct 


1 1 10 

37 36 35 34 33 32 31 30 


2 


2 


(direct address) — ((SP)) 
(SP) — (SP) - 1 


273 


ACALL addr 1 1 


AtoAg As 1 1 
A7 Ae As A4 Aa A2 Ai Ao 


2 


2 


(PC) — (PC) + 2 

(SP) ~ (SP) + 1 
((SP)) -(PG0-7) 
(SP) ^ (SP) + t 
((SP)) - (PCs-is) 

(rCo- 10) ' — Ao- 10 


174 


LCALL addr 16 


1 1 
AtsAMAraAtsAnAiie Aa Aa 
A? As As A4 Aa A2 Ai Ao 


3 


2 


(PC) — (PC) -1- 3 
(SP) — (SP) + 1 
((SP)) -(PC0-7) 
(SP) — (SP) -1- 1 
((SP))-(PCe.is) 
(PCs- is) Ao* IS 


237 



Classifi- 


Mnemonic 


Instruction code 


Byte 


Cycie 


Description 


Page 


cation 


D7D6D5D4D3D2D1 DO 


jctions 


RET 


1 1 






(PC8-,5)-((SP)) 








1 


2 


(SP) — (SP) - 1 
(PC0-7) - ((SP)) 


275 


CO 

c 










(SP) ^ (SP) - 1 




<D 
S 


RETI 


1 10 1 






(PC8-,5) - ((SP)) 














(SP) — (SP) - 1 




O 






1 


2 


(PC0-7) - ((SP)) 


276 


CO 










(SP) — (SP) - 1 

* INTERRUPT ENABLE 






AJMP addrll 


AioAa Ae 1 






(PC) — (PC) + 2 


183 


CO 




A? Ae As A4 A3 Aa Ai Ao 


2 


2 


(PCo-10) — Ao-10 


tion 


LJMP addrie 


1 










o 

3 




A15A14A13A12A1 lAio A9 Aa 


3 


2 


(PCo-15) — Aq-15 


238 


II lOl 




A? Ae As A4 As Aa Ai Ao 










Jump 


SJMP rel 


1 

R7 Re Rs R4 R3 R2 Ri Ro 


2 


2 


(PC) — (PC) + 2 

(PC) — (PC) + relative offset 


283 




JMP @A+DPTR 


1110 11 


1 


2 


(PC) — (A) + (DPTR) 


228 



Classifi- 
cation 


Mnemonic 


Instruction code 
DTD6DSD4D3D2D1 DO 


Byte 


Cycle 


Description 


Page 


Branching instructions 


CJNE A, direct, re! 


10 1 10 10 1 
a? ae as at as a2 ai ao 
R? Rs Rs R4 R3 R2 Ri Ro 


3 


2 


(PC) - (PC) +3 
IF (A) ^ (direct address) 
THEN 

(PC) — (PC) + relative offset 
IF (A) < (direct address) 
THEN 

(G)-1 

ELSE 

(C)-0 


196 


CJNE A, #c3ata, rel 


10 110 10 

1? le I5 I4 I3 I2 I1 lo 
R7 Re Re R4 R3 R2 Ri Ro 


3 


2 


(PC) — (PC) + 3 
IF (A) t #data 
THEN 

(PC) — (PC) + relative offset 
IF (A) < #data 
THEN 

(C)-1 

ELSE 

(C)-0 


194 


CJNE Rr,#data, rel 


1 1 1 1 r2 n ro 

I7 le I5 I4 la I2 I1 lo 
R? Re Re R4 R3 R2 Ri Ro 


3 


2 


(PC) — (PC) + 3 
IF (Rr)##data r=0~7 
THEN 

(PC) — (PC) + relative offset 
IF (Rr) < #data r=0~7 
THEN 

(C)-1 

ELSE 

(C)-0 


198 



Classifi- 
cation 


Mnemonic 


Instruction code 
D7D6D5D4D3D2D1 DO 


Byte 


Cycle 


Description 


Page 


Branching instructions 


CJNE ©Rr, #data, 
rel 


1 1 1 1 1 ro 

|7 |6 h U |3 h h lo 

R? Re Rs R4 Ra Rs Ri Ro 









(PC) - (PC) + 3 
IF ((Rr)) 5^ #data r=0or1 
THEN 

(PC) — (PC) + relative offset 
IF ((Rr)) < #data r=0 or 1 
THEN 

(C)-1 

ELSE 

(0) -0 


192 


DJNZ Rr, rel 


1 1 1 1 r2 n ro 
Rr Re Rs R* R3 Ra Ri Ro 


2 


2 


(PC) — (PC) + 2 
(Rr)— (Rr)-1 r=0~7 
IF (Rr)#0 r=0--7 
THEN 

(PC) — (PC) + relative offset 


213 


DJNZ direct, rel 


110 10 10 1 

37 ae as 34 33 32 31 30 

R7 Re Rs R4 R3 R2 Ri Ro 


3 


2 


(PC) — (PC) +3 

(direct address) — (direct address) - 1 
IF (direct 3ddress) i= 
THEN 

(PC) — (PC) + relative of iset 


215 



Classifi- 
cation 


Mnemonic 


Instruction code 
D7D6D5D4D3D2D1 DO 


Byte 


Cycle 




Page 


Branching Instructions 


JZ rel 


1 1 
R? Re Rs R4 R3 R: Ri Ro 


2 


2 


(PC) — (PC) + 2 
IF (A)''0 
THEN 

(PC) — (PC) + relative offset 


235 


JNZ rel 


11 1 
R? Ra Rr Ra Ri R9 Ri Rn 

cif no no n* riij n« n 1 n u 


2 


2 


(PC) ~ (PC) + 2 
IF (A) =^ f) 
THEN 

(PC) - (PC) + relative offset 


233 


JC rel 


01 000000 

Dt Oe Dc D.I Do Dq Di Rn 

ni no na n* ns nz ni no 


2 


2 


(PC) - (PC) + 2 
THEN 

(PC) — (PC) + relative offset 


226 


JNC rel 


01010000 

Qt Ds Rc R.a Rq Ro Ri Rri 

nr no ns n4 na nz ni n© 


2 


2 


(PC) — (PC) + 2 
THEN 

(PC) <- (PC) + relative offset 


231 


JB bit, rel 


001 00000 

b/ be bs b4 b3 b2 b i bo 
R7 Re Rs R4 Ra R2 Ri Ro 


3 


2 


(PC) — (PC) + 3 

Ir VUll aUUicoo/ — 1 

THEN 

(PC) — (PC) + relative offset 


222 


JNB bit, rel 


1 1 
b? be be b4 ba bz bi bo 
R7 Re Rs R4 Rs Rz Ri Ro 


3 


2 


(PC) ^ (PC) + 3 
IF (bit address) = 
THEN 

(PC) — (PC) + relative offset 


229 


JSC bit, rel 


1 
b? be bs b4 bs b2 bi bo 
R7 Re Re R4 R3 Ra R 1 Ro 


3 


2 


(PC) ^ (PC) +3 
IF (bit address) = 1 
THEN 
(bit address) ^ 
(PC) — (PC) + relative offset 


224 



Classili- 


Mnemonic 


Instruction code 


Dyie 


Cycl6 


Description 


Page 


cation 


D7D6D5D4D3D2D1 DO 


uctions 


IVIWVA r\f tsnf 


1 1 t u u u 1 ro 


I 


o 

c. 


(A)-((Rr» 


EXTERNAL RAM r=0 or 1 


262 


lory instr 


MOVX A, @DPTR 


1 1 1 


1 


2 


(A) - ((DPTR)) 


EXTERNAL RAM 


261 


rnal meir 


MOVX iS'Rr, A 


1 1 1 1 1 r,: 


1 


2 


((Rr)) - (A) 


EXTERNAL RAM r=0 or 1 


260 


Exte 


MOVX @DPTR, A 


1 1 1 1 


1 


2 


((DPTR)) - (A) 


EXTERNAL RAM 


259 




NOP 


00000000 


1 


1 


(PC) — (PC) +1 




264 


r instruction 
















Othei 
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7.5 Detailed Description of MSMdOC31 /IUISM80C51 Instructions 

Note: "direct address" is represented as "data address" in tliis detailed description. 
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MSNnsoi/Hsimopi mm manual 



1. ACALL code address (AbsoMite eailw' 

7 













Instruction code 


A 10 


Ag Aa 


1 

1 











1 


Byte 1 




7 















Call address 


A7 


Ae As 


A4 

1 


A3 


A2 


Ai 


Ac 


Byte 2 


Operation 


(PC) — (PC) + 2 














(SP) - (SP) + 1 














((SPl) 


— (PC0-7) 














(SP) * 


- (SP) + 1 














((SP)) 


— (PCs-, 5) 














(PCo- 


ic) *— Ao-10 












Number of bytes 


2 














Number of cycles 


2 














Flags 


C 


AC FO 


RSI 


RSO 


ov 


F1 


P 



(PSW) 
Description 



This instruction stores the program counter value 
(return address) in the stack following an increment 
operation. 

The program counter data PCo ~ PC 10 following PC+2 
is replaced by 1 1-bit page address data Ao ~ A 10. The 
destination address for this instruction must always 
be within the 2K byte page, but if the instruction is 
placed at address X7FEH or X7FFH, execution pro- 
ceeds from the call address on the next page. 



iffi8iiiPTiiNtiP«iiti6iiiis 



2. ADD A, #data (Add Immediate data) 



Instruction code 

#data 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 

Example ADD A, #07H 



Instruction code 









1 








1 








7 

















l7 


u 


Is 




|3 


|2 


ll 


lo 



Byte 1 



Byte 2 



(A) — (A) + #data 

2 

1 

C AC FO RSI RSO OV 



F1 



An 8-bit immediate data value is added to tine 
accumulator. The result Is placed in the accumulator 
and the flags are updated. 



7 









1 0|0 1 





Byte 1 


7 









1 1 
1 


1 


Byte 2 


Before execution 

Accumulator 






After execution 

Accumulator 


1 1 1 







1 10 10 1 


7 







7 



fl9 
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3. ADD A, @Rr (Add indirect address) 



Example ADD A, @R0 



Instowtion code 










1 








1 


1 


r 


Operation 


: (A) - (A) + ((Rr)) 


r = 


Dor1 








Number of bytes 


: 1 
















Number of cycles 


: 1 
















Flags 




C 


AC 


FO 


RSI 


RSO 


OV 


F1 


P 


(PSW) 




• 


• 






• 




• 


Description 


: The data memory location conten 


ts address 



Byte 1 



register r are added to the accumulator. The result is 
placed in the accumulator and the flags are updated. 



Instruction code 



7 











10 
1 


1 1 





Byte 1 




Before execution 

Accumulator 




After execution 

Accumulator 




1 0| 1 


1 


1 




10 110 11 
1 





7 

Register 







7 

Register 





10 11 

t 


1 







10 1110 
1 





7 

5CH 







7 

5CH 





110 1 

1 





1 




110 10 

1 


1 


7 







7 






m 



4. ADD A, Rr (Add Fegtster) 



Description 



Example ADD A, R6 



Instruction code 



Instruction code 










1 





1 


rz 


n 


ro 


Operation 


: (A)-(A)+(Rr) 


r = 


~7 








Number of bytes 


: 1 
















Number of cycles 


: 1 
















Flags 




c 


AC 


FO 


RS1 


RSO 


OV 


F1 


P 


(PSW) 




• 


• 








• 




• 



Byte 1 



Ttie register r contents are added to ttie accumulator. 
The result is placed in the accumulator and the flags 
are updated. 



7 





10 111 

1 





Before execution 
Accumulator 


10 10 10 





7 

Register 6 





10 1110 
1 


1 



Byte 1 



After execution 



Accumulator 


10 110 
1 





1 


7 







Register 6 






10 111 
1 





1 
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5. ADD A, fi8t9 aMress (Add I 

Instruction code 

Data address 

Operation 

Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 

Example ADD A, PI 
Instruction code 



lemory) 

7 









1 







1 





1 


7 

















a? 


ae 


as 


34 


as 


32 


ai 


ao 



Byte 1 



Byte 2 



(A) — (A) + (data address) 
2 



1 



AC FO RSI RSO OV F1 



: The specified data address contents are added to the 
accumulator. The result is placed in the accumulator 
and the flags are updated. 



7 











1 0|0 1 


1 


Byte 1 




7 











1 10 
1 





Byte 2 




Before execution 
Accumulator 






After execution 
Accumulator 




1110 1 







1110 





7 

Port 1 (90H) 







7 

Port 1 (90H) 





1 1 1 1 
1 







1 1 1 1 

1 






DB)!IIH>TION OF MSTROCTWIIS 



6. ADDC A, #data (Add carry plus bitanediate data to accumulator) 



Insirtiietion code 

#data 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Descrtptlori 

Example ADDC A, #76H 
Instruction code 









1 


1 





1 








7 

















|7 


l6 


h 




|3 


|2 


h 


lo 



Byte 1 



Byte 2 



(A) ^ (A) + (C) + #data 

2 

1 

C AC FO RSI RSO OV 



F1 



The carry flag is added to the accumulator, and an 
8-bit immediate data is added to that result. The result 
is placed in the accumulator and the flags are updated. 



7 









1 10 10 

1 





Byte 1 


7 









1 1 1 t 1 
1 





iyte 2 


Before exeeutlon 
Accumulator 






After execution 
Accumulator 


10 110 
1 


1 




1 1 1 

1 


7 







7 



Carry flag 



Carry flag 



1 



m 



MSMinaiimiMiffiT mm mmki 



7. AD6C A, ®Rr (Add carry plus Indtrect address to accumulator) 

7 



Instruction code 

Operation 
Nutntor of bytes 
Number of cycl^ 
Flags 
(PSW) 

Description 



Example ADDC A, @R0 



Instruction code 









1 


1 





1 


1 


r 


A)-(A)+(C)+((Rr)) 


r = or 1 






1 

C 


AC 


FO 


RSI 


RSO 


ov 


F1 


P 


• 


• 








• 




• 



Byte1 



The carry flag is added to the accumulator, and the 
contents of data memory location addressed by the 
register r contents are added to that result. The result 
Is placed In the accumulator and the flags are updated. 



7 










110 11 





Before execution 
Accumulator 


1 1 


1,010 


1 


7 

Register 





1 


1 0,1 1 


1 


7 

6BH 







1 


1110 1 
1 


1 


7 

Carry flag 













Byte 1 



After execution 
Accumulator 



10 1, 














7 











Register 










110, 


1 





1 


1 


7 











6BH 










111 

1 


1 





1 


1 


7 











Carry flag 











m 



I^^PTINI BF MSTHlSfNMIS 



8. ADDC A, Rr (Add carry plus m^UHet^ to amimmiMoti 



Ins^ruetion code 










1 


1 


1 


r2 


n 


ro 


Operation 


: (A)-(A)+(C) + (Rr) 


r = 


~7 






Number of bytes 


: 1 


















Number of cycles 


: 1 


















Flags 




C 


AC 


FO 


RSI 


RSO 


OV 


F1 


P 


(PSW) 




• 


• 








• 




• 



Description 



Example ADDC A, R2 



The carry flag is added to the accumulator, and the 
register r contents are added to that result. The result 
Is placed in the accumiilator and the flafs are updated. 



Instruction code 



7 









1 1 |1 1 





Byte 1 




Before execution 




After execution 




Accumulator 




Accumulator 




1 10 10 







110 10 11 


1 


7 





7 





Register 2 




Register 2 




110 111 







110 111 
1 





7 





7 






Carry flag 
1 



Carry flag 



MSMWSIlffSHmiW din MiNUftL 



9. AODC A, data address (Add carry plus msmory to accumujator) 



instruetion code 



Data address 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 



Example ADPCA,45H 



Instruction code 









1 


1 





1 





1 


7 

















37 


86 


as 


34 


33 


a2 


ai 


ao. 



Byte 1 



Byte 2 



(A) ^ (A) + (C) + (data address) 

2 

1 

C AC FO RSI RSO OV F1 P 



The csrry fisg is sdded to the sccumulator, and the 
specified data address contents are added to that 
result. The result is placed In the accumulator and the 
flags are updat@d. 



7 










110 10 
1 


1 


7 







1 


10 
1 


1 


Before execution 
Accumulator 





110 1 

1 


1 


7 

45H 







1 


1111 
1 





7 

Carry flag 





1 







Byte 1 



Byte 2 



After execution 
Accumulator 



1 


1 


10 

1 


7 







45H 






1 


1 


1110 



Carry flag 



m 



tmmmwmwmm 



1 0. AJMP colie address (AbsohMie Iwiii^^iriiliM SSPf iNliel 



(PSW) 
Description 



Instruction code 


Aio 


As As 





1 








1 




7 















Jump address 


At 


Ae As 


A4 


1 As 


A2 


Ai 


Ao 


Operation 


(PC) 
(PCo 


— fPC) + 2 

-io) Ao-io 












Number of bytes : 


2 














Number of cycles 


2 














Flags 


C 


AC FO 


RSI 


RSO 


ov 


F1 


P 



Bytel 



Byte2 



After an increment, ttie program counter PCo ~ PCio is 
replaced by 11 -bit page address data Ao ~ Aio. The 
destination address for tfiis instruction must always 
be witfiln the 2K byte page, but If the instruction is 
placed at address X7FEH or X7FFH, execution pro- 
ceeds from the jump address on the next page. 
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1 1 . ANL A,#Ma (Logical AND lBgMwM»tg#8WttO « B e ii^ 



Instf u^tion code 

Operation 
Number of bytes 
Number of cycles 

Flags 
(PSW) 

Description 



Example ANL A, #OAH 
Instruction code 






1' 





1 

1 


1 





Q 


7 


|7 


Is 


is 


l4 l3 

1 


i2 


ll 


lo 



8y*e 1 



Byte 2 



(A) ^ W AND #data 
2 



1 



AC FO RSI RSO OV F1 



The logical AND between an 8-bit immediate data 
value and the accumulator contents is determined. 
The result Is stored in the accumulator and the flag is 
also updated. 



7 









10 1^010 





Byte 1 


7 









1 1 
1 





Byte 2 


Before execution 
Accumulator 






After execution 
Accumulator 


10 11110 


1 




1 



mi 



mmmmmmmmmm 



12. ANL A, ®IU (Logical AND indirect adCtrewteaWHiiwISrt^ 



In^ructlon code 

Operation 
Number of bytes 
Number ot cycles 
Flags 
(PSW) 

Description 



Example ANL A, @R0 



Instruction code 






1 





1 




1 


1 


1 


r 



(A) — (A)M<D«Rr)) r = 0or1 
1 



1 



C AC FO RSI RSO OV F1 P 



The logical AND between the accumulator contents 
and the data memory location contents addressed by 

the register r is determined. The result is stored in the 
accumulator and the flag is also updated. 



7 















10 10 

r 


1 


1 





Bytel 






Before execution 




After execution 




Accumulator 








Accumulator 






10 10 1 

1 


1 


1 







10 10 1 

1 


1 





7 

Register 









7 

Register 







1 1 1 1 













10 11 
1 








7 

RAM 58H 









7 

RAM 58H 







11111 





1 







11111 


1 





7 









7 








m 
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1 3. ANL A,Rr (Logical AND registerte sficoumiltator) 

7 



Description 



Example ANL A, R5 



Instruction code 







1 





1 


1 


r2 


n 


ro 


Operation 


: (A)-'(A)AND(Rr) 


r = 


= 0- 


7 






Number of bytes 


: 1 
















Number of cycles 


: 1 
















Flags 




p 


AC 


FO 


RSI 


RSO 


OV 


F1 


P 


(PSW) 


















• 



The logical AND between the accumulator contents 
and the register r contents is determined. The result is 
stored in the accumulator and the flag is also updated. 



Instruction code 



1 11 1 1 



Before execution 
Accumulator 



110 110 11 

I 



Register 5 

1 1.01 01 



Byte 1 



After execution 

Accumulator 



10 1 

I 








1 


7 









Register 5 








10 1 

1 


1 





1 



DESCRIPTION OF INSTRUCTIMS 



1 4. ANL A,clata address (Logical AND memory to accumulator) 

7 



Instruction code 



Data address 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 



Example ANL A, PI 



Instruction code 






1 





1 

J 





1 





1 


7 

















ar 


ae 


as 


34 


33 


32 


ai 


ao 



Byte1 



Byte 2 



(A) — (A) AND (data address) 

2 

1 

C AC FO RSI RSO OV F1 



The logical AND between the accumulator contents 

and the specified data address contents is 
determined. The result is stored In the accumulator 
and the flag is also updated. 



7 











1 1 |0 1 


1 


Byte 1 




7 











1 1 

1 





Byte 2 




Before execution 

Accumulator 






After execution 

Accumulator 




1110 10 
1 


1 




10 10 10 


1 1 


7 

Port 1 







7 

Port 1 





10 10 111 
1 


1 




10 10 111 
1 


1 


7 







7 






|7| 
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1 5. ANL Ctbit address (Logical AND bit to carry flag) 

7 



IfiMl-uetion code 

Bit address 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 

Example ANLC, ACC.5 
Instruction code 



1 

















1 





7 

















bT 


be 


bs 


b4 


ba 


b2 







Byte 1 



Byte 2 



{©I <- (C) AND (bit address) 

2 

2 

C AC FO RSI RSO OV F1 



The logical AND between the carry flag and the speci- 
fied bit address content is determined. The result is 
stored in the carry flag. 



7 









1 


0|0 1 





Byte 1 


7 









1 


1 1 0|0 1 


1 


Byte 2 




Before execution 







Carry flag 



1 



Accumulator 



1 ! 1 1 1 



After execution 
Carry flag 



Accumulator 



1 OJ 1 1 1 



m 



mmmm mmmmim 



16. ANl. cybit address CMngical ilHO eom plw w wrt btt to egny flag) 



instruction code 

Bit address 

Operation 
Numtier of bytes 
Number of cycles 
Flags 
(PSW) 

Description 

Example ANLC,/P1.3 



(C) — (C) AND (bit address) 

2 

2 

C AC FO RSI RSO OV 



F1 



1 





1 1 














7 















b7 


be 


bs b4 


b3 


b2 


bi 


bo 



Byte 1 



B^2 



The logical AND between the carry flag and the 
complement of specified bit address content is 
determined. The result is stored in the carry flag. 



Instruction code 



Before execution 
Carry flag 



1 



Port 1 



1 





1 1 




1 











7 















1 





1 




1 





1 


1 



:i io 1 



Byte 1 



Byte 2 



After execution 
Carry flag 



Port 1 



11 io 1 

ti:::: 



IM 
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1 7. ANL data address, #date (Logical AND immediate data to memory) 

7 



Instruction code 



Data adci'ess 



#data 

Operation 
Number of bytes 
Nu miser of cycles 
Flags 

Description 






1 





1 








1 


1 


7 

















a? 


ae 


as 


a* 


aa 


az 


ai 


ao 


7 

















|7 


|6 


Is 


U 


Is 


|2 


ii 


lo 



(data address) ^ (data address) AND #data 

3 

2 

C AC FO RSI RSO OV F1 P 



Bytel 



Byte 2 



Byte 3 



The logical AND between an 8-bit immediate data 
value and the specified data address contents is 
determined. The result is stored in the specified data 
address. 



Example ANL DPH. #OAAH 



Instruction code 



10 10 1 1 

- .1 ; . .. 


Byte 1 


7 






1 1 1 

1 


Byte 2 


7 






10 10 10 10 


Byte 3 


Before execution 

DPH 




After execution 

DPH 


11111111 
1 




10 10 10 10 



mmmmmmmmmm 



1 8. ANL data address, A (Logical AND accumulator to memory) 



Instruction code 

Data address 

Operation 
Number of bytes 
Number of cycles 

Flags 
(PSW) 

Description 

Example ANL TCON, A 

Instruction code 






1 





1 







1 





7 

















a? 


36 


as 


a4 


as 


as 


ai 


ao 



Byte 1 



Byte 2 



(data address) < — (date addr^s) AND (A) 

2 



1 



AC 



FO RSI RSO OV F1 



The logical AND between the accumulator and the 
specified data address contents is determined. The 
result Is stored in the specified data address. 



7 











1 1 |0 1 





Byte 1 




7 











1 1 

1 





Byte 2 




Before execution 
Accumulator 






After execution 

Accumulator 




10 110 1 
1 







1 1 1 1 1 


1 


7 

TCON 







7 

TCON 





1 1 1 1 1 


1 




1 
1 


1 
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19. CJNE @Rr, #data, code address 

(Compare indirect address to immediate data, jump if not equal) 



Instruction code 
# data 

Relative offset 
Operation 



Number of bytes 
Number of cycles 
Ftags 
(PSW) 

Description 



7 









1 





1 1 1 1 I 


r 


7 









1/ 


|6 


|5 U |3 |2 il 

- - .1 


io 


7 









Rt 


Re 


Rs R4 R3 R2 Ri 
1 


Ro 



Byte 1 



Byte 2 



Byte 3 



(PC) — (PC) +3 

IF ((Rr)) ^#data r = or 1 

THEN 

(PC) — (PC) + relative offset 

IF ((Rr)) < #data r = or 1 

THEN 

(C) - 1 

ELSE 

(C) -0 

3 

2 

C AC FO RSI RSO OV F1 



The data memory location contents addressed by the 
register r contents are compared with an immediate 
data value. Control is shifted to a relative jump address 
if the compared data is not equal. If the compared data 
is equal, control is shifted to the next address following 
this instruction. The carry flag is set to 1 if the immedi- 
ate data value is greater than the specified address 
contents, but is set to if otherwise. 



mmmmmmmmm 



Example CJNE @R1 . #05H, TEST 



LOC 
00B4 



0118 
011B 



OBJ 
2155 



B70599 
020500 



SOURCE 

TEST : AJMP TEST1 



COMP : CJNE @R1 , #05H, TEST 
OUT: UMP OUT1 



Instruction code 



1 





1 


1 




1 


1 


1 


1 


7 































1 


1 





1 


7 

















1 








1 


1 

1 


G 





1 



Byte 1 



Byte 2 



Bytes 



Before execution 
Register 1 











1 1 


1 





1 




7 

35H 



















1 1 
1 





1 


1 




7 

Carry flag 











1 










Program counter 















1 


1 





1 1 

1 











15 


8 


7 














After execution 
Register 1 












110 10 
1 


1 




7 

35H 















10 10 1 

1 


1 




7 

Carry flag 














Program counter 











1 





1 


1 1 10 1 





15 


8 


7 








I 



iKMiiiiiiiiiiifHNit immmm 



20. CJNE A, #data, code address 

(Compare immediate data to accumulator, jump if not equal) 



Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 



IF (A) ^ #clata 
THEN 

(PC) — (PC) + relative offset 

IF (A) < #data 

THEN 

(C)-.1 

ELSE 

(C) -0 

3 

2 

C AC FO RSI RSO OV F1 





7 













Instruntinn norip 


-) 







10 





Byte 1 




7 













# data 


I? 


|6 


Is U 


|3 |2 h 


lo 


Byte 2 




7 













Relative offset 


R7 


Re 


Rs R4 


R3 R2 Ri 


Ro 


Bytes 


Operation 


(PC) 


— (PC) + 3 









The accumulator contents are compared witfi an im- 
mediate data value, and control is stiifted to a relative 
jump address if ttie compared data is not equal. If the 
compared data is equal, control is shifted to the next 
address following this instruction. The carry flag is set 
to 1 if the immediate data value is greater than the ac- 
cumulator contents, but is set to if otherwise. 



B^CHIPTIM OF ttSTROtiiniS 



Example CJNE A, #OAH, SSI 



LOG 
0064 



OBJ 
FF 



SOURCE 

SS1 : MOV R7, A 



00C8 
OOCB 



B40599 
OD 



COMP : CJNE A. #OAH, SS1 
INCR: INC eS 



Instruction code 



1 





1 


1 





1 








7 





























1 





1 





7 

















1 








1 


1 








1 



Before execution 
Accumulator 



1 1 



Byte 1 



Byte 2 



Byte 3 



After execution 
Accumulator 



1 10 

1 



Carry flag 



1 



Program counter 



00000000 
1 



1 1 10 

I 



15 



8 7 



Carry flag 



Program counter 



00000000 



110 10 

I 



15 



8 7 



MSiMsiasmiei m&m mm. 



21 . CJNE A, data address, code address 

(CoiiUMraiMemdry to aeinffliu(atoc,tiiiii||tt net e«iual) 



Instruction code 

Data address 

Relative offset 
Operation 



Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 



1 





1 


1 

1 





1 





1 


7 



















at' 


as 


a. 


as 


a« 


ai 


as: 


7 

















Rt 


Rb 


Rs 


R4 


R3 


R2 


Ri 


Ro 



Byte 1 



Byte 2 



Bytes 



(PC) — (PC) + 3 

IF (A) =^ (data address) 

THEN 

(PC) — (PC) + relative offset 

IF (A) < (data address) 

THEN 

(C)-1 

ELSE 

(C) -0 

3 

2 

C AC FO RSI RSO OV F1 



The accumulator contents are compared with the 
specified data address, and control is shifted to a rela- 
tive jump address if the compared data is not equal. If 
the compared data is equal, control is shifted to the 
next address foilowing this instruction. The carry flag 
is set to 1 if the specified data address contents are 
greater than the acGuinulator contente, but is set to 
if otherwise. 



m 



DSCHIPTIOII OF mSTRUCfMIIIS 



Example CJNE A, 50H, NEXT 



LOG 

10DC 

10DF 



1123 



OBJ 

B55044 

120100 



14 



SOURCE 

COMP : CJNE A, 50H, NEXT 
GAL : LCALL TEST 



NEXT : DEC A 



Instruction code 



1 





1 


1 




1 


1 





1 


7 




















1 





1 




1 











7 




















1 











1 









Byte 1 



Byte 2 



Byte 3 



Before execution 
50H 








1 


11110 
1 




7 0. 
Accumulator 










10 1 10 
1 




7 
Carry flag 









Program counter 








1 
I 





1 1 


1110 

1 


15 


8 


7 






After execution 



50H 


1 


111 
1 


1 


7 







Accumulator 







10 1 


,0 


7 







Carry flag 




1 







Program counter 



1^0 Q 1 



1 0^0 1 1 



15 



8 7 



187 
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22. CJNE Rr,#data, code address 

(Compare bninecliata data to register, jump if not equal) 



Instruction code 
#clata 

Relative offset 
Operation 



Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 



7 













1 





1 


1 1 r2 

1 


n 


ro 


7 













Ir 


l« 


Is 


l4 1 b l2 


li 


lo 


7 













R/ 


Re 


Rs 


R4 R3 R2 
1 


Ri 


Ro 



Byte 1 



Byte 2 



Byte 3 



(PC) — (PC) + 3 

IF (Rr) =^ #data r = ~ 7 

THEN 

(PC) — (PC) + relative offset 

IF (Rr) < #data r = ~ 7 

THEN 

(G)-1 

ELSE 

(C)-0 

3 

2 

C AC FO RSI RSO OV F1 



The register r contents are compared with an immedi- 
ate data value, and control is shifted to a relative jump 
address If the compared data is not equal. If the com- 
pared data is equal, control is shifted to the next ad- 
dress following this instruction. Tfie carry flag is set to 
1 if the immediate data value is greater than the regis- 
ter fCOhtents, but is set to if otherwise. 



198 



jmmmmmmmm 



Example CJNE R4, #32H COUNT 
LOG OBJ 
0473 00 



0482 



BC32EE 



SOURCE 
COJNT: INC R4 



COMP : CJNE R4, #32H, COUNT 



Instruction code 



1 





1 


1 


1 


1 








7 























1 


1 








1 





7 

















1 


1 


1 





1 


1 


1 






Before execution 
Register 4 



1 

I , 



Byte 1 



Byte 2 



Byte 3 



After execution 
Register 4 



1 



Carry flag 



1 



Program counter 



1 
I 



1 1 
I 



15 



8 7 



Carry flag 



1 



Program counter 



1 
I 



1110 11 
1 



15 



8 7 



wmmmimmmmmm mmm 



23. GLR A (CIdar aceumulater) 

Instruction cod^ 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 



Description 



1 


1 


1 







1 


1 









Byte 1 



(A)-0 

1 

1 

C AC FO RSI RSO OV F1 P 



: The accumulator Is cleared to 0. The flag is also 
updated. 



Example CLR A 
Instrurtion code 



1110 10 

I 



Byte 1 



Before execution 
Aecumulator 



10 110 10 1 
I 



After execution 
Accumulator 



00000000 

-. I 



•^mmimmmmmimm 



24. CLR C (Clear earry 





7 















Instruction code 


1 


1 


c 


) 





1 


1 



Operation 
Number of tiytes 
Number of cycles 

Flags 

(PSW) 

Description 
Example CLR C 



(C)-0 
1 

1 

C AC FO RSI RSO OV F1 



The carry flag is cleared to 0. 



Instruction code 



1 10 1 1 

I 



Before execution 
Carry flag 



Byte 1 



After execution 
Carry flag 



1 







|7| 



m 



25. CLR bit address (Clear Wt) 



Instruction code 



Bit address 

Operation 
Number of bytes 
Number of cycles 

Flags 
(PSW) 

Description 
Example CLR PI .5 



I 1; 


J 










1 





1 





7 

















b7 


be 


bs 


b4 


b3 

1 


b2 


b- 


bo 



(bit address) 

2 

1 

C AC FO RSI RSO OV F1 P 



Byte 2 



The specified bit address content is cleared to 0. 



Instruction code 



1 1 1 

.1 





Byte 1 


7 









10 10 10 

1 


1 


Byte 2 


Before execution 






After execution 


Port 1 






Port 1 


1 1 ' Y] 1111 
1 


1 




1 ^ ''6]^ 1 1 1 1 


7 5 







7 5 
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26. CPL A (Complement accumulator) 



Instruction code 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 
Example CPL A 



1 


1 


1 


1 




1 


1 









Byte 1 



(A) -(A) 

1 

1 

C AC FO RS1 RSO OV F1 P 



The accumulat<»' data O is set to 1 , and 1 is set to^ O. 



instruction code 



1 1 1 1,01 00 



Byte 1 



Before execution 

Accumulator 



110 1^0101 



After execution 

Accumulator 



10 10 10 



|7| 



203 



27. ©PL C (Com^ment earry flag) 



Example CPL C 



InstMGtien code 




1 





1 


1 








1 


1 


Operation 


: (G)-(C) 














Number of bytes 


: 1 
















Number of cycles 


: 1 
















Flags 




C 


AC 


FO 


RSI 


RSO 


ov 


F1 


P 


(PSW) 

Description 




• 
















: The sairjfy f la 


fis setlQ 1 if 0, and set to O if 1 , 



i^e 1 



Instruction code 



10 110 11 

I 



Byte 1 



Before execution 
Carry flag 



After execution 
Carry flag 



1 







Garry flag 



Carry flag 







1 



MlHPfttt Iff1lli«llii8 



as. CPL aMrem (Cemplement bW) 



Instwction code 

Bit address 

Operatidn 
Number of bytes 
Number of cycle® 
Flags 
(PSW) 

Descripfron 
Example CPL B.7 

Instruction code 



1 





1 


1 








1 





7 

















b7 


be 


b5 


b4 


ba 


b2 


bi 


bo 



Bytel 



Byte 2 



(bit address) — (btt address) 

2 

1 

C AC FO RSI RSO OV F1 P 



: The specified btt afldress content Is set to 1 M 0, and 
set to if 1 . 



1 1 1 J 1 


Byt© 1 


7 






11110 111 

1 


By te 2 


Before execution 




After execution 


B register 




B register 


[oil 1 1 1 1 
1 




[Y] 1 1 ^ 1 1 1 1 


7 




7 



|7| 



m 
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29. D A A CDecimal adjust accumulator) 



Description 



Instruction code 


1 


1 





1 




1 


1 








Operation 


ic + e^ 

10' +6 1 
(C) - 1 J 


(AC) = 


= 1 or10o> 10 

— (C) =1 or 10' > 10 




Number of bytes 
Number of cycles 
Flags 


1 
1 

c 


AC 


FO 


RSI 


RSO 


ov 


F1 


p 


(PSW) 


• 














• 



Bytel 



The arithmetic operation result located in the accu- 
mylator following an addition between two 2-digit deci- 
mal numbers is converted to a normal decimal 
number. Wlien the contents of accumulator bits thru 
3 (10° digit) are greater than 9, or when the auxiliary 
carry (AC) is 1, 6 is added to accumulator bit thru 3. 
And if the contents of accumulator bits 4 thru 7 (10' 
digit) exceed 9, or if the result obtained by adding a 
carry from the lower order digits after compensation is 
greater than 9, or if the carry flag is 1 , 6 is added to 
the data in accumulator bits 4 thru 7. The flag is also 
updated. 



2M 



Example DA A 



Instruction code 



1 10 10 10 



Before execution 
Accumulator 



10 110 10 1 
I 



Byte 1 



After execution 
Accumulator 



1 1 1 
I 



AC 







Before execution 
Accumulator 



1 1 1 
I 



AC 



1 



J 







After execution 
Accumulator 



10 10 111 
l__ 



AC 



1 



1 



Before execution 
Accumulator 



10 1110 



AC 



1 



1 



After execution 
Accumulator 



1 



AC 



AC 
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30. DEC 9Bt (Dseerement incljrect aiJidrass} 



Instruction code 

Operation 
Number of bytes 
Number of cycles 
Rafs 
(PSW) 

Description 
Example DEC @R0 

Instruction code 












1 





1 


1 


r 



Byte 1 



((Rr)) — {(Rr)) - 1 r = or 1 

1 

1 

C AC FO RS1 RSO OV F1 



The contents of tfie data memory location addressed 
by the register r contents are deGremesnted by 1 . 



7 









1 1 1 





Byte 1 




Before execution 




After execution 




Register 




Register 




110 10 1 
1 







110 10 1 





7 





7 





6AH 




6AH 




1 1 







1 1 1 1 
1 


1 



DESCRIPTION Of INSTRUCTIONS 



31. DEC A (Decrement actitDiiuMor) 



Description 



:MMpl@'' DEC A 



Instruction code 













1 





1 








Operation 


: (A)-{A)-1 












Number of bytes 


: 1 
















Number of cycles 


: 1 
















Flags 




C 


AC 


FO 


RS1 


RSO 


OV 


F1 


P 


(PSW) 


















• 



Byte 1 



The accumulator contents are decremented by 1, and 
the flag fs undated. 



Instruction code 



1 1 

- _ _ _1 ; . 



Before execution 
Accumulator 



10 10 10 
I 



After execution 
Accumulator 



10 10 111 
I 
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32. DEC Rr (Decrement register) 



Instruction code 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 
Example DEC R7 












1 


1 


r2 


n 


ro 



(Rr) — (Rr) - 1 r = ~ 7 

1 

1 

C AC FO RSI RSO OV F1 P 



The register r contents are decremented by 1 . 



Byte 1 



Instruction cede 



11111 
I 



Byte 1 



Before execution 
Register 7 



1 ,0 



After execution 
Register 7 



111.1111 



BesMipnint of wsTiriems 



33. DEC data address (Decrement memory) 



Instfuction code 

Data address 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 
Example DEC 5AH 
Instruction code 












1 




1 


1 





1 


7 

















a? 


86 


as 


34 


33 


32 


31 


ao 



Byte1 



Byte 2 



(data address) *- (data address) - 1 
2 



1 



C AC FO RSI RSO OV F1 



The specified data address contents are decremented 
by 1. 



1 1 
1 


1 


Byte 1 


7 









10 110 1 





Byte 2 


Before execution 






After execution 


5AH 






5AH 


1111111 
1 


1 




1 1 1 1 1 1 1 1 


7 







7 



|7| 
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34. BiV AB (9Me sceuHiulKlor by B| 



ln^g#tion code 
Operation 

Number of bytes 
Number of eyctes 



1 













1 


1 









Byte 1 



(A) quotient ^ {A)/(B) 

(B) remainder 

1 
4 

C AC FO RS1 RSO OV F1 



Description : The accumulator contents are divided by ttie contents 

of aritfimetic operation register (B). Ttie two data 
values are handled as integers w/ithout sign. The quo- 
■ tient is placed in the accumulator, and the remainder 
in the arithmetic operation register (B). The carry flag 
is always cleared, and the overflow flag (OV) is set to 1 
if a division by is executed. This flag is cleared in all 
other cases. In case of division by 0, the contents of 
the accumulator and the aritfimetic operation register 
(B) remain unchanged. 

Example DIV AB (OAEH ^ 7H = 1 8H remainder 6H) 



Instruct ion code 



7 









1 1 

1 





Byte 1 




Before execution 
Accumulator 




After execution 
Accumulator 




10 10 111 







1 1 





7 

B register 





7 

B register 





1 1 


1 




1 1 
1 





7 





7 
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35. DJNZ Rr, Code acklress CDecrement register, and jump if not zero) 



Instruction code 

Relative offset 
Operation 



Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 



1 


1 





1 


1 

1 


r2 


r • 




7 

















R7 


Re 


Rs 


R4 


R3 

1 


R2 


Ri 


Ro 



: (PC) — (PC) + 2 
(Rr) — (Rr) - 1 r = ~ 7 
IF (Rr) ^0 
THEN 

(PC) — (PC) + relative offset 
2 
2 

C AC FO RS1 RSO OV F1 P 



Byte1 



Byte 2 



The register r contents are decremented by 1 . Control 
is shifted to a relative jump address if the register r 
contents are not as a result of the decrement. 
Control is shifted to the next address fdlloWIng this in- 
struction if the result is 0. 



fta 



Example DJNZ R1 , LQQP 
LOC OBJ 



SOURCE 



OOFE 



01 OB 



2F 



D9F1 



Instruction code 



LOOP : ADD A, R7 

COUNT ; DJNZ R1, LOOP 



7 









110 1 


1 

1 





1 


7 









1111 




1 





1 



Byte 1 



Byte 2 



Before execution 
Register 1 



After execution 
Register 1 



1 



1 1 1 

I 



Program cQiunter 



7 
Program counter 



1 

I 



1 1 1 
I 



0000 000 
I 



11111110 



15 



8 7 



15 



8 7 



Biv 



mmnmmmmmm 



36. DJNZ<Ma 

Instruction code 

Data address 

Relative offset 
Operation 



Code address (Deerement memory, and jiMnp If net iemi} 

7 



Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 



(PC) — (PC) + 3 

(data address) (data address) -1 

IF (data address) =?t 

THEN 

(PC) — (PC) + relative offset 

3 

2 

C AC FO RSI RSO OV F1 



1 


1 





1 





1 





1 


7 

















ar 


ae 


as 


a* 


as 


a2 


ai 


ao 


7 

















Rr 


Re 


Rs 


Ra 


R3 

1 


Rz 


Ri 


Ro 



Byte1 
Byte 2 
Bytes 



The specified data address contents are decremented 

by 1 . Control is shifted to a relative jump address if the 
data address contents are not as a result of the 
decrement. Control is shiifted to ttie next address fol- 
lowing this Instruction if the result is 0. 



WMIBm^PlBffitl Wiil MAIiyJU. 



Example DJNZ 57H, LOQf 1 
LOG OBJ 



1033 



109S 



A957 



EMS78B 



SOURCE 



LOOP 1 : MOVR1,57H 



COUNT ■ DJNZ 57H, LOOP 1 



Instruction code 



1 


1 





1 




1 


1 





1 


Byte 1 


7 






















1 





1 




I 


1 


1 


1 


Byte 2 


7 



















1 








1 


1 

1 





1 


1 


Byte 3 



Before execution 
57M 



After execution 
57H 



110 10 1 1 



1 1 0^1 1 



Program counter 



7 
Program counter 



1 
L 



10 10 10 1 
t 



1 

L_. 



1 1 1 1 
I 



15 



8 7 



15 



8 7 



37. I NC Clir (l^retnent indirect address) 



Instruction code 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 
Example INC •Rl 

















1 


1 


1 


r 



1 
1 

C AC FO RSI RSO OV 



F1 



Byte 1 



The contents of the data memory location addressed 
by Xhm register r miiteris are incremented by 1 . 



Instruction code 



^0 1 11 



Before exeiisu tiw 
Register 1 



110 10 1 

I 



7 

65 H 



1 1 11 



Byte 1 

After execution 

Register 1 



1 1 


1 

1 





1 


7 









65H 











1 

1 









MiMii^i/aiingGs i mm mm 



38. INC A (Inerement accumulator) 



Instruction @ode 

Operation 

Number of bytes 
Number of cycies 
Flags 
(PSW) 

Description 
Example INC A 



1 



Byte 1 



(A)-(A) + 1 

1 

1 

C AC FO RSI RSO OV F1 P 



The accumulator contents are incremented by 1 , and 
f fie flag is updated. 



Instruction code 



1 



Byte 1 



Befora exeeution 
Accumulator 



After execution 
Accumulator 



10 110 111 

_J_ . 



10 1110 



DESeaiPTION OF INSTRUCTIONS 



39. INC DPTR (Increment data pointer) 

7 



instruction code 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 
Example INC DPTR 



1 





1 











1 


1 



Byte 1 



(DPTR) — (DPTR) + 1 

1 

2 

C AC FO RS1 RSO OV F1 



16-blt contents of data pointer (DPH-DPL) are incre- 
mented by 1 . 



Instruction code 



1 1 1 1 
I 



Byte 1 



DPH 



Before execution 
DPL 



1 10 10 
1 


11111111 

1 


15 8 7 

After execution 
DPH DPL 


110 10 1 
1 


00000000 

1 



15 



8 7 



219 
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40. INC Rr (Increment register) 



(PSW) 

Description 
Example INC R5 



InstFucAion code 













1 r2 n ro 


Operation 


: (Rr)-(Rr) 


+ 1 


r = 0~7 


Number of bytes 


: 1 








Number of cycles 


; 1 








Fla^ 




C 


AC 


FO 


RSI RSO OV F1 P 



Tl>© resgister r contents are incremented by t. 



Byte1 



Instruction code 



1 1 1 
1 



Byte 1 



Before execution 

Register 5 



After execution 

Register 5 



10 111111 
I 



1 1 
I 



B^GfflPnOI OF WSfRttEM 



41 . INC cterta address Clnerement memory) 

7 



Instruction code 

Data address 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 
Example INC PI 














1 





1 





1 


7 

















a? 


ae 


as 


a4 

1 


as 


32 


ai 


ao 



Byte 1 
Byte 2 



(data address) <— (data address) + 1 

2 

1 

C AC FO RS1 RSO OV F1 P 



The specified data address contents are incremented 
by 1. 



Instruction code 


1 

1 - 


1 


Byte 1 




7 









Data address : 


1 1 
1 





Byte 2 




Before execution 






After execution 




Porti 






Port 1 




1 1 1 
1 


1 




1 1 



immmmmm^ mm manual 



42. J B bit address. Code address (Jump if bit Is set) 



Instruction code 
Bit acjUress 

Relative offset 
Operation 



Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 









1 

















7 

















b7 


be 


bs 




bs 


b2 


bi 


bs 


7 

















R7 


Re 


Rs 


R4 


R3 


R2 


Ri 


Ro 



(PC) — (PC) +3 
IF (bit address) = 1 
THEN 

(PC) — (Pel + relative offset 

3 

2 

AC FO RSI RSO OV F1 



Byte1 



Syte2 



%te3 



Control Is shifted to a relative jump address if the 
specified bit address content is 1 . 
Control is shifted to the next address following this in- 
struction if the content is 0. 



m 



fimifioN if nrsTiHfciifMis 



Example JB 34.3, ENTER 
LOG OBJ 



0903 



0950 



instruction code 



201 34A 



ACAO 



SOURCE 

BITTS : JB 34.3, ENTER 

ENTER : MOV R4, OAOH 









1 







1 











7 


























1 




1 





1 


1 


7 




















1 








1 





1 






Byte 1 



Byte 2 



Bytes 



Before execution 
34 



After execution 



34 



1 ill 

tii 



1 ![1j 



Program counter 



7 
Program counter 



1 1 
I 



1 1 



1 1 
I 



1 1 
I 



IS 



8 7 



15 



8 7 



m 
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43. JBC bH address, Code address ( Jump and clear if bit is set) 



Operation 



Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 



Instruction codte 











1 













7 















Bit address 


b7 


be 


bs 


b4 ba 

1 


bz 


bi 


bo 




7 















Relative offset 


R7 


Rb 


Rs 


R4 Ra 
1 


R2 


Ri 


Ro 



(PC) (PC) + 3 
IF (bit address) = 1 
THEN 

(bit address) —0 

(PC) ^ (PC) + relative offset 

3 

2 

C AC FO RSI RSO OV F1 



Byte 1 



Byte 2 



Bytes 



Control is shifted to a relative jump address if the 
specified bit address content is 1, and that bit is 

cleared to 0. 

Control is shifted to the next address following this in- 
struction if the content is 0. 



Example JBC 46. 1 , COUNT 4 
LOG OBJ 



OODC 



0136 



0281 



1071 A3 



SOURCE 



COUNT 4 :CLR 128.1 



BTEST : JBC 46.1 , COUNT 4 



Instruction code 












1 




1 











7 




















1 


1 


1 




1 








1 


7 

















1 





1 







1 





1 


1 



Byte 1 



Byte 2 



Bytes 



Before execution 
46 



After execution 



46 



1 1 1 111 

I 



1 1 1 lo; 

1 '--J 



Program counter 



1 7 
Program counter 



1 



1 



110 110 

I 



00000000 

I 



110 1110 



15 



8 7 



15 



8 7 



I 



m 



ii8iiitie3iiiisitti@] mam mmuL 



44. .tC Code addre» (Jump if carry is set) 



Instruction code 

Relative offset 
Operation 



Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 






1 







1 














7 

















Rt 


Re 


Rs 


R4 

1 


R3 


R2 


Ri 


Ro 



(PC) — (PC) + 2 
IF (C) = 1 
THEN 

(PC) (PC) + relative offset 

2 

2 

C AC FO RSI RSO OV F1 



Byte 1 



Byte 2 



Control is shifted to a relative jump address If tiie 
carry flag is 1 . Control is shifted to the next address 
following this instruction If the content is 0. 



- flisianmoNiiiiisiiNiimois 



Example JC CARRY 
LOC OBJ 



16DC 
16DE 



16F5 



7110 
4015 



07 



SOURCE 



CHECK : ACALL ADDR 
JMPC : JC CARRY 



CARRY : INC @R1 



Instruction code 



Before execution 
Carry flag 



Program counter 



1 1 1 



1 










1 











7 





















1 




1 


1 





1 



Byte 1 
Byte g 

After execution 
Carry flag 



1 



110 11110 



Program counter 



1 1 10 

I 



11110 10 1 

I 



15 



8 7 



15 



8 7 



If? 



4Si 8A yuRijj to sum ei ae^imMm MUi pc^iiter} 

7 



Instruction code 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 



Example JMP #A + BPTR 






1 


1 


1 




1 





1 


1 



Byte 1 



(PC) — (A) + {DPim 

1 

2 

C AC FO RSI RSO OV F1 P 



The accumulator contents are added to the data point- 
er contents, and the resulting sum is stored in the pro- 
gram counter. 



Instruction code 



1110 11 

I 



Byte 1 



Before execution 

Accumulator 



After execution 
Accumulator 



10 110 110 
I 



10 110 110 

j 



DPH 



DPL 



DPH 



DPL 



10 10 

I 





1 


1 Ojl 1 


1 




10 10 





1 


t 0^1 1 


1 


15 


8 


7 







16 


8 


7 







Program counter 










Program counter 










1 1 








10 10 

1 


1 1 




10 10 


1 


1 


1 
1 





IS 


8 


7 







IS 


8 


7 








DESCRIPTION OF INSTRUCTIONS 



46. JNB bit address. Code address (Jump if bit is not set) 

7 



Instruction code 

Bit address 

Relative offset 
Operation 



Number of bytes 
Number of cycles 
Flags 

Description 









1 


1 

1 














7 

















b7 


be 


be 


b4 

1 


b3 


b2 


bi 


bo 


7 

















R7 


Re 


Re 


R4 

1 


R3 


R2 


Ri 


Ro 



(PC) — (PC) + 3 
IF (bit address) = 

THEN 

(PC) ^ (PC) + relative offset 

3 

2 

C AC FO RS1 RSO OV F1 



Byte 1 



Byte 2 



Byte 3 



Control is shifted to a relative jump address if tfie 
specified bit address content Is 0, but shifted to the 
next address following this instruction if the content is 
1. 



|7| 



229 
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Example JNB 37.3, EXIT 
LOG OBJ 



0835 



085A 



302B22 



E6 



SOURCE 



TEST : JNB 37.3, EXIT 



EXIT : MOV A, @R0 



Instruction code 









1 


1 














7 























1 





1 





1 


1 


7 























1 











1 






Byte 1 



Byte 2 



Byte 3 



Before execution 
37 



After execution 



37 



1 1 101 1 1 1 




1 11011 1 1 
tzd 



Program counter 



7 
Program counter 



1 

I : 



110 10 1 

1 



1 

I 



10 110 10 

I 



15 



8 7 



15 



8 7 



238 
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47. JNC Code address (Jinnp if carry is not set) 



Instruction code 

Relative offset 
Operation 



Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 






1 





1 














7 

















R7 


Re 


Rs 


R4 


Ra 


R2 


Rt 


Ro 



(PC) — (PC) + 2 
IF (0) = 
THEN 

(PC) — (PC) + relative offset 
2 

2 

C AC FO RS1 RSO OV F1 



Byte1 



Byte 2 



Control is stiifted to a relative jump address if tfie 
carry flag is 0. Control is sfiifted to the next address 
following tills instruction if ttie content is 1 . 



i^MOi^tmBQ^i mm mmi 



Example JNC EXIT 

LOG OBJ 



0835 



0859 



5022 



85E0F0 



SOURCE 



TEST : JNC EXIT 



EXIT 



MOV B, ACC 





7 









Instruction code 


1 


1 

1 





Bytel 




7 











1 




1 


1 


Byte 2 


Before execution 
Carry flag 








After execution 
Carry flag 



Program counter 



Program counter 



1 



110 10 1 

I 



1 

I 



10 1 10 1 

1 



15 



8 7 



15 



8 7 



' 1 D^OWTHMlif MIMMIi 



48. JNZ Qedie laM^^ yHtnp if aecumutotor is net i) 



Instruction code 

Relative offset 
Operation 



Number of bytes 
Number of cycles 
Flags 

Description 






1 


1 


1 
1 











7 















R7 


Re 


Rs 


R4 R3 

1 


Rz 


Ri 


Rq 



(PC) ^ (PC) + 2 
IF (A) ^ 
THEN 

(PC) ^ (PC) + relative offset 

2 

2 

C AC FO RS1 RSG OV F1 



Byte 1 



Byte 2 



Control is shifted to a relative jump address if tfie ac- 
cumulator contents are not 0. Control is shifted to the 
next address following this instruction if the contents 
are 0. 



IIIISmi^1MSII8i@it MUMNItAL 



Example JNZTEST 
LOG OBJ 



OOFC 



01 2E 



Instruction code 



7030 



FB 



SOURCE 



CHECK: JNZTEST 





TEST 


: MOV R3, A 


7 









1 1 


1 





Byte1 


7 









1 


1 





Byte 2 



Before execution 

Accumulator 



10 1110 1 
I 



After execution 
Accumulator 



10 1110 1 



Program counter 



Program counter 



00000000 
I 



1111110 

I 



1 

I 



10 1110 



15 



8 7 



15 



8 7 



DESCIIPTION OF INSTRUCTIONS 



49. JZ Code address (Jump if accumulator is 0) 



Instruction code 

Relative offset 
Operation 



Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 






1 


1 




1 














7 

















R7 


Re 


Rs 


R4 

1 


Rs 


R2 


Ri 


Ro 



(PC) — (PC) + 2 
IF (A) = 
THEN 

(PC) ^ (PC) + relative offset 

2 

2 

C AC FO RS1 RSO OV F1 



Byte1 
Byte 2 



Control is shifted to a relative jump address if the ac- 
cumulator contents are 0. Control is shifted to the next 
address followng this instruction if the contents are 
notO. 



|7| 
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Example JZ EMPTY 
LOG OBJ 



SOURCE 



0099 


04 




EMPTY : 


INC A 


OOCA 


60CD 




CHECK : 


JZ EMPTY 






7 









Instruction code 




t 


1 
1 





Byte 1 




7 











1 1 


110 
1 


1 


Byte 2 



Before execution 
Accumulator 



After execution 
Accumulator 







_L 



00000000 



Program counter 





i_ , 



tf 7 
Program counter 



110 10 10 
I 



00000000 



1 1 1 1 
I 



15 



8 7 



15. 



8 7 



m 
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SO. LCiBkLL CeUe aaares^ (Long call} 



iB^iption code 

Call ^dr^ss 

Gallifiddress 
Operation 



Number of bytes 
Number of qtcI^s 
Flags 
(PSW) 

Description 












1 

1 








1 


© 


7 



















Ah 


A 15 


A 14 

J- 


An 


Aio 


Aa 




7 

















A? 


Ae 


As 


A4 

1 


A3 


A2 


Ai 


Aa 



ByleS 



: (PC) — (PC) + 3 
(SP) — (SP) + 1 
((SP»-(PCo-r) 
(SPj ^ (SP) + 1 

({SP}) -(PC8-,5) 

(PCo- i&) ' — Ao- IS 

3 
2 

C AC FO RSI RSO OV F1 P 



The contents of the program counter (return address) 
are stored in the stack following an increment. 
Call address Ao-is specified by operand are placed in 
the program counter PCo-is. 

This instruction is capable of call jump to anywhere 
within the entire range of 64K words. 



2Sf 
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51 . LJMP Code address (Long jump) 



Instruction code 



Jump address 



Jump address 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 














1 








1 





7 

















Ais 


Al4 


Al3 


Al2 

1 


Alt 


A 10 


A9 


Ae 


7 

















A7 


Ae 


As 


A4 


A3 


Aa 


Ai 


Ao 



(PCo-ls) — Ao-15 

3 
2 

C AC FO RSI RSO OV F1 P 



Byte 1 
Byte 2 
Byte 3 



Jump addresses Ao-is specified by Operand are 
placed in the program counter PCo-15. 
This instruction is capable of jump to anywhere within 
ttie entire range of 64K words. 



iisiaiPiiiiii w HBiiysiiHis 



52. MOV @flr, #iiata (Move immedatectatotoMiro^taidfli^^ 



Instruction code 

#Data 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 

Example MOV itRI , #OAAH 
Instruction code 






1 


1 


1 

1 





1 


1 


r 


7 

















|7 


|6 


|5 


U 

1 


l3 


h 


h 


lo 



Byte1 



Byte 2 



((Rr)) *-#data r = 0or1 

2 

1 

C AC FO RS1 RSO OV F1 



An 8-bit immediate data value is copied to the data 
memory location addressed by the register r contens. 



7 











1110 11 
1 


1 


Byte1 




7 











10 10 10 1 

1 





Byte 2 




Before execution* 
Register 1 






After executiofi 
Register 1 




110 10 1 
i 







1 10 10 1 





7 

6AH 







7 

6AH 





1110 11 
1 


1 




10 10 10 1 
1 


1 


7 







7 






53. MOV @Rr, A (Mwre aeemwSeii^toi^e& mlUeeas} 



Instruction code 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 

Example MOV @R0, A 
Instruction code 



1 


1 


1 


1 




1 


1 


1 


r 



Byte 1 



((Rr)) — (A) r = or 1 

1 

1 

C AC FO RSI RSO OV F1 



The accumulator contents are copied to ttie data 
memory location addressed by the register r contents. 



7 









11110 11 





Byte 1 




Before execution 
Register 




After execution 

Register 




110 110 
1 







110 110 





7 

6CH 





7 

6CH 





10 1110 1 


1 




10 10 10 


1 


7 

Accumulator 





7 

Accumulator 





10 10 10 
1 


1 




10 10 10 


1 



54. MOV @Rr, data aOOr^ (Move m«nery ts IndiraetadtiieM) 



Instruction code 



Data address 

Operation 

Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 



Example MOV @R0, OEOH 
Instruction code 



1 





1 




„ . 1 





1 


1 


r 


7 

















a? 


as 


as 


1 


as 


az 


ai 


ao 



Byte 1 
Byte 2 



((Rr)) — (data address) r = or 1 

2 

2 

C AC FO RSI RSO OV F1 P 



Tfie specified data address contents are copied to ttie 
data memory locatlt^ addressed by the register r 
contents. 



10 10 11 
1 





Byte 1 




7 









111 

1 





Byte 2 




Before execution 
Accumulator 




After execution 
Accumulator 




10 10 11 


1 




10 10 11 


1 1 


7 

Register 





7 

Register 





1110 1 







1110 1 

1 




7 

72H 





7 

72H 





11110 







1 1^01 1 


1 


7 





7 
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5S. MOV A, #ilata (Move imme#atsM8 tQ-ae^nntftatoi) 



Instruction code 

#clata 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 

Example MOV A, #05H 
Instruction code 



(A)*-#«lata 
2 



1 



C AC FO RSI RSO OV F1 






1 


1 


1 
I 


1 








7 















Ir 


le 


h 


|4 |3 

- rl 


|2 


h 


lo 



Byte 1 



Byte 2 



An 8-bit immediate data value is copied to the 
aiccumtilator, and the flag Is updated. 



7 









1110 10 
1 





Byte 1 


7 









1 
1 


1 


Byte 2 


Before execution 






After execution 


Accumulator 






Accumulator 


1110 11 
1 


1 




1 1 
1 



m 



SS, MOV A, <iRr (Move indirect autdress to atimtiMiMM 



Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

DeSGfjp^ioti 



ixample MO¥ A, BFtO 
Instruction code 



1 


1 


1 







- 


1 


1 


r 



Bytei 



1 
1 

C AC FO RSI RSO OV F1 



The data memory location contents addressed by ttie 
register r contents are copied to the accumulator, and 
the flag is updated. 



7 









1110 11 

1 





Byte 1 




Before execution 
Register 




After exeeution 
Register 




1110 1 







1 1 10 1 
1 





7 

72H 





7 

72H 





1 1 1 1 1 


1 




10 110 11 


1 


7 

Accumulator 





7 

Accumulator 





10 110 

i - 







10 11 1 1 

1 


1 1 


7 





7 






|7| 



243 



57. MOV A, Rr (Move register to accumtilttof) 



Instruction code 

Operation 
Number of bytes 
Number of cycles 

Flags 
(PSW) 

Description 

Example MOV A, R6 

Instruction c^e 



1 


1 


1 





1 


r2 


n 


ro 



(A)^(Rr) rt=0— 7 

1 

1 

C AC FO RS1 RSO OV F1 P 



The register r contents are copied to the aceuffluliator, 
and the flag Is updatedi. 



7 









1110 111 
1 





Bytel 




Before execution 

Register 6 




After execution 

Register 6 




10 10 10 


1 




10 10 10 
1 


1 


7 

Accumulator 





7 

Accumulator 





1 1 1 


1 




10 10 10 
1 


1 


7 





7 






m 



De^ptm iFiistiiiieiiDiis 



58. MOV A, data address (Move memory to acciiiMiiator) 



Description 
Example MOV A, PI 



Instruction code 




1 


1 


1 







1 


1 





1 






7 

















Data addisess 




37 


ae 


as 


a* 


as 

1 




ai 


as 


Operation 


: (A)- 


(data address) 










Number of bytes 


: 2 
















Number of cycles 


: 1 
















Flags 




c 


AC 


FO 


RSI 


RSO 


ov 


F1 


P 


(PSW) 












• 



Bytel 



Byte 2 



The specified data address contents are copied tb the 
accumulator, and the flag is updated. 



Instruction code 



1110 10 

I 


1 


Bytel 




7 











1 1 
1 





Byte 2 




Before execution 
Port 1 






After execution 
Portl 




110 11 


1 




110 11 
1 


1 1 


7 

Accumulator 







7 

Accumulator 





1 







1 10 1 1 


'1 


7 







7 






m 



imiM^tiWRM^} liiEi^ mm 



59. MOV C, bit ad^ess (Move Mt to carry na^ 



Instruction code 

Operation 
Number of bytes 
Number of cycles 

Flags 
(PSW) 

Description 

Example MOV C, P3.4 
Instruction code 



1 





1 











1 





7 

















bz 


be 


bs 


b4 


ba 


b2 


bi 


bo 



Byte 1 



Byte 2 



(C) — M 9ddf«@s) 
2 



1 



C AC FO RSI RSO OV F1 



The specified bit address content is copied to the 
carry flag. 



7 











1 1 1 





Bytel 




7 











10 110 10 

1 





Byte 2 




Before execution 






After execution 




Port 3 






Ports 




ill 1 1 







m1 1 1 





7 4 







7 4 






Carry flag 



Carry flag 
1 



m 



mmmmmmmim 



60. MOV DPTR, #itaia (Move immediate data dMa p«iMte# 



Instruction code 

#Data 
Operation 

Number of bytes 
Number of cycles 
Flags 
(PSW) 



1 








1 














7 

















|1S 




[13 


Il2 


In 


ho 


Is 


Is 


7 

















Ir 


l6 


Is 




b 


1: 


h 


lo 



(DPTR) - #data 

(DPH) —18-15 

(DPL) — lo-7 

3 

2 

C AC FO RSI RSO OV F1 P 



Bytes 



Description 

Example MOV DPTR, #0AF5H 



A 16-bit immediate data value is copM, to the data 
pointer (DPH-DPL). 



Instruction code 



1 








1 














7 





























1 





1 





7 

















1 


1 


1 


1 





1 





1 



DPH 



Before execution 
DPL 



DPH 



Bytet 
Byte 2 

Byte 3 

After execution 
DPL 



1 1 1 1 



1 1 1 1 



1 1 



_L 



11110 10 1 
1 



15 



15 



8 7 



61 . MOV Rr, #data (Move lmnedial9 «krt9 to reg^Sf) 



Instruction code 

#Dsta 

Operation 

Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 

Example MOV R5, #OAM 
Iflstruetion code 






1 


1 


1 


1 


T2 


n 


to, 


7 

















|7 


u 


l« 


u 


Is 


|2 


l< 


lo 



Sytel 
By^2 



(Rr)— #data r = 0~7 

2 

1 

C AC FO RSI RSO OV F1 



An 8-bit immediate data value is copied to tfie register 
r. 



7 









111110 

1 


1 


Bytel 


7 









1 1 

1 





Byte 2 


Before execution 

Register 5 






After execution 
Register 5 


10 10 10 1 


1 




1 1 


7 







7 



mmmmmmmmmiK 



@2. MOV Rr, A (lie«e aeeumulatcM' to regn^iBi^ 





7 

















Instruotion code 


1 


1 


1 


t 


1 

1 


r2 


n 





Operation 

Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 

Example MOV R1 , A 



(Rr)— (A) r = 0~7 

1 

1 

C AC FO RSI RSO OV F1 P 



The accumulator contents are copied to the register r. 



Instruction code 



111110 1 

I 



Byte 1 



Before execution 
Register 1 



1111110 



After execution 
Register 1 



10 1 1 1 
I 



Accumutator 



1 1 1 1 

1 



Accumulator 



1 1 1 1 

I 



m 



63. MOV Rr, data address (Move memory to regisl^ 



Instruction code 



Data address 

Operation 
Number of bytes 
Number of cycles 

Flags 
(PSW) 

Descriptibn 

Example MOV RO, 5AH 
Instruction code 



1 





t 


. 


1 


r2 


n 


To 


7 

















a7 




as 


1 


as 


a2 


ai 


ao 



Byte1 



Byte 2 



(Rr) *- (data address) r = ~ 7 

2 

2 

C AC FO RSI RSO OV F1 P 



The specified data address contents are copied to the 
register r. 



10 10 10 

1 





Byte 1 




7 











10 110 1 

.1 





Byte 2 




7 











Before execution 
Register 






After execution 
Register 




11110 1 


1 




10 10 10 1 

1 





7 

5AH 







7 

5AH 





10 10 10 1 
1 







10 10 10 1 
1 






DESCRIPTION OF INSTRUCTIONS 



64. MOV bit address, C (Move carry flag to bit) 

7 



Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 

Example MOV PI .4, C 



Instruction code 


1 








1 
1 


1 







7 













Bit address 


br 


be 


bs 


b4 b3 

1 


bz bi 


bo 



Byte 1 



Byte 2 



(bit address) ^ (C) 

2 

2 

AC FO RSI RSO OV F1 P 



The carry flag content is copied to the specified bit 
address. 



7 









Instruction code 


1 1 1 

1 





Byte 1 


7 











10 10 10 

1 





Byte 2 


Before execution 






After execution 


Port 1 






Port 1 




1 1 iTih 1 1 


1 




1 1 1 To] 1 1 1 1 1 


7 4 


p 




7 4 



Carry flag 



Carry flag 




|7| 
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(1$. MOV data address, #data (Move immediate data to memory) 





7 











Instractlon code : 





1 1 


10 10 

.1 


1 


Byte 1 




7 











Data address 


a7 


ae as 


a* as az ai 


ao 


Byte 2 




7 











#Data 


|7 


|6 Is 


U h h li 

1 


lo 


Byte 3 



Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 

Example MOV TCON. #50H 



(data address) — #data 

3 

2 

C AC FO RSI RSO OV F1 P 



An 8-bit immediate data value is copied to the speci- 
fied data address. 



Instruction code 



1110 10 

1 


1 


Byte 1 


7 









1 10 
1 





Byte 2 


7 









10 10 

1 





Byte 3 


Before execution 






After execution 


TCON (88H) 






TCON (88H) 



1 







10 1 
1 


7 







7 



252 



iMiiMWIISIi»M 



66. MOV aM«ia^ 9Ar (Move iiM||i«ffilaM^ M MMraytj 



Operafion 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

O^iceiptior) 



1 








® 





1 


1 


r 


7 

















m 


as 


as 


34 


aa 


32 


ai 


Mb 



(date addpessi r = or 1 

2 

2 

C AC FO RSI RSO OV F1 P 



SyteS 



The data memory location contents addressed by the 
register r contents are copied to the specified data 
address. 



Example MOV ACC, @R1 



Instruction code 



1, 1 1 
1 


1 


Byte 1 




7 









1 1 1 0: 

1 





Byte 2 




Before execution 
Accumulator 




After execution 
Accumulator 






1 







110 111 

1 


1 


7 

Register 1 





7 

Register 1 





10 1 


1 




1 1 


1 


7 

25H 





7 

25H 





110 111 

1 


1 




110 111 


1 


7 





7 
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67. MOV data address, A (Move aeeumulate*' to meniory^ 



Insfruetion code 

Data address 

Operation 
Number of bytes 
Number of cycles 

Flags 
(PSW) 

Description 

Example MOV P3, A 

Instruction code 



1 


1 


1 


1 




1 


1 





1 


7 

















37 


86 


as 


84 


33 

1 


32 


3 1 


ao 



Byte 2 



(data address) (A) 

2 

1 

C AC FO RSI RSO OV F1 P 



The accumulator contents are copied to th# Spedtled 
data address. 



7 









1 1 1 1 0. 1 

1 


1 


Bytel 




7 









10 1 10 

1 





Byte 2 




Before execution 




After execution 




Porta 




Port 3 




1111111 


1 




1110 110 
1 





7 





7 





Accumulator 




Accumulator 




1110 110 
1 







1110 110 
1 






68. MOV data address, Rr (Ntowe legi^er to memory} 



Instruction code 

Data address 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 

Example MOV 6BH, R2 



1 











1 

1 




n 


ro 


7 

















37 


ae 


as 


34 


as 


32 


ai 


30 



(d3t3 3ddress) (Rr) r = ~ 7 

2 

2 

AC FO RSI RSO OV F1 P 



Byte 2 



The register r contents 3re copied to the specMied 
data address. 



Instruction code 



1 1 1 

I 





Bytel 




7 











1 10 10 1 

1 


1 


Byte 2 




Before execution 
6BH 






After execution 
6BH 




10 110 11 
1 







10 10 10 


1 1 


7 

Register 2 







7 

Register 2 





1 1 1 


1 




10 10 10 


1 1 


7 







7 
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69. MOV (telta address 1 , ^ta address 2 (Move memory to memory) 





7 





Instruetion eode : 


1 1 


1 




7 





DatSi widress 2 


a'? a'e a^ 5 a'* a' 3 a' 2 a^ 1 


a^o 




7 





Data address 1 


a' 7 a'' e a' 5 a' 4 a' 3 a^ 2 a^ 1 
1 


a'o 



Byte 1 
Byte 2 
Byte 3 



Operation 
Number of bytes 
Numtoerof eycles 
Flags 
(PSW) 

Description 

Example MOV ACC, P1 

Instruction code 



(data address 1 ) (data address 2) 

3 

2 

C AC FO RSI RSO OV F1 P 



The source data address (data address 2) contents 
are copied to ttie destination data address (data ad- 
dress 1) 



7 











1 1 

1 


1 


Byte 1 




7 











1 1 

1 





Byte 2 




7 











1 1 1 

1 





Byte 3 




Before execution 
Port 1 






After execution 

Port 1 




10 110 10 
1 







10 110 10 





7 

Accumulator 







7 

Accumulator 





11110 1 

1 


1 




10 110 10 





7 







7 






70. MOVC A. ®A +DPTR 
(Move code memory 



offMst fram data poMer to aoeoiniMor) 



Instruction code 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 



1 











1 
I 







1 



(A) — ((A) + (DPTR)) 

1 

2 

C AC FO RSI RSO OV F1 



Byte 1 



Description : The data pointer contents are added to tlie accumula- 

tor contents, and after temporary storage of tfie sum in 
program counter, ttie ROM data contents specified by 
the program counter are stored in the accumulator. 

Tlie program counter contents are then restored to 
former contents, and the flag is also updated. 

Example MOVC A. @A + DPTR 



Instruction code 



10 10 1 1 



Before execution 
Accumulator 



11110 111 



DPH 



DPL 



1 



15 



OOP 0^1 001 



8 7 
0200H 



10 10 10 1 



Bytel 



DPH 



After execution 
Accumulator 



10 10 10 1 

I 



DPL 



1 
I 



15 



OJ 1 



8 7 
0200H 



I 



1010101 



71. MOVC A, ®A +PC 

(Move code memory offset fmm 



oouiiter to aocumuMoi^ 



Instruction code 
Operation 

Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 



1 










1 








1 


1 



(PC) — (PC) + 1 
(A) - ((A) + (PC)) 

1 
2 



AC FO RSI RSO OV F1 



Byte 1 



The program counter contents following an increment 
are added to the accumulator contents, and after 
temporary storage of the sum in the program counter, 
the ROM data contents specified by the program 
counter are stored in the accumulator. The program 
counter contents are then restored to former contents, 
and the flag is also updated. 



Example MOVC A, @A + PC 



Instruction cod® 



1 1 1 



Before execution 
Accumulator 



1 1 1 



Bytel 



After execution 
Accumulator 



1110 111 

I 



Program counter 



1 

I 



1 

I 



15 



8 7 
0301 H 



1110 1110 
I 



Program counter 



1 

I 



1 1 



15 



3 7 

0301 H 



1110 1110 
I 



72. MOVX @DPTR, A 

(Move accuimilalor to eideiMN'Mefflory addressed tqr data poMleil 



Instruction code 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 

Exampfe MOVX @OPTR, A 



1 


1 


1 


1 


, 












((DPTR)) - (A) 

1 

2 

C AC FO RSI RSO OV F1 P 



Byte 1 



The accumulator contents are stored to external data 
meffiary IRAMI addressed by tfie data pointer contents. 



Instruction code 



DPH 



111 1 
1 



Before execution 
DPL 



11 10 
L 



15 



110 110 
I 



8 7 
62CCH 



10 1110 
1 








7 

Accumulator 







1 





1 


7 








Byte 1 



DPH 



After execution 

DPL 



1 


1 1 

1 





110 110 

1 





15 




8 


7 









62CCH 











1 


1 






7 











Accumulator 











1 


1 1 






7 
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73. MOVX@Rr,A 

(Move aeetmndabar l9'«iM»lffl^n«y silckKtse^ 



Instruction code 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 

Example MOVX ® R0, A 
Instruction code 



1 


1 


1 


1 




1 





1 


r 



Byte 1 



((Rr))— (A) r=Dor1 

1 

2 

C AC FO RS1 RSO OV F1 



The accumulator contents are stored to external data 
mewt®ry IRAM} adiifessed by ttie regSster r contents. 



7 









11110 1 

1 





Byte 1 




Before executi^ 
Register 




After execution 

Register 




1 1 







1 1 
1 





7 

OAOH 





7 

OAOH 





1 1 1 

1- 


1 




10 11^110 


1 


7 

Accumulator 





7 

Accumulator 





10 11110 


1 




10 11110 


1 


7 





7 






DESCRIPTION OF INSTRUCTIONS 



74. MOVX A, @DPTR 

(Move external memory aiddressed by data pointer to accumulator) 



Instruction code 




1 


1 


1 

















Operation 


: (A)-((DPTR)) 












Number of bytes 


: 1 
















Number of cycles 


: 2 
















Flags 




C 


AC 


FO 


RS1 


RSO 


ov 


F1 


p 


(PSW) 


















e 



Byte 1 



iption 



Example MOVX A, @DPTR 



External data memory (RAM) contents addressed by 
the data pointer are stored to the accumulator, and the 
flag Is updated. 



Instruction code 



1 1 1 

- — J _ — 



Byte 1 



Before execution 

Accumulator 



After execution 

Accumulator 



11111111 
I 



10 1110 10 
I 



DPH 



DPL 



DPH 



DPL 



10 10 111 

I 



10 10 1111 



10 10 111 



1 1 0. 1 1 1 1 



15 



8 7 
57AFH 



15 



3 7 
57AFH 



10 1110 10 
I 



I7| 



10 1110 10 
1 



261 
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75. MOVX A, @Rr (Move external memory addressed by register to accmulator) 

7 



Instruction code 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 



Example MOVX A, @R1 

Insfruotion code 



1 


1 


1 











1 


r 



Byte 1 



(A) — ((Rr)) r = or 1 

1 

2 

C AC FO RSI RSO OV F1 



External data memory (RAM) contents addressed by 
the register r contents are stored to the accumulator, 
and the flag is updated. 



1 1 1 1 


1 


Byte 1 




Before execution 
Accumulator 




After execution 
Accumulator 




11110 1 







10 10 





7 

Register 1 





7 

Register 1 





10 11111 
1 







10 11111 
1 





7 

OBEH 





7 

OBEH 





10 10 

1 







10 10 

1 






m 



76. My L AS (Mul^ty seeunnilator by B) 



insfrUGtion code 
Operation 

Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 



1 1 





_J 



Byte 1 



: {Ah-t^(A) X IS) 

(B)8-1S 

1 
4 

C AC FO RSI RSO OV F1 



The accumulator contents are multiplied by the arith- 
metic operation register (B) contents. The operand is 
always handled as an integer without sign. The lower 
order byte of the result is stored in the accumulator, 
and the higher order byte is stored in the arithmetic op- 
eration register (B). The carry flag is always cleared. 
The overflow flag is set to 1 if the product is greater 
than OOFFH, and to in all other cases. 



Example MUL AB (6AH x 1 5H = 8B2H) 



Instruction code 



7 









10 10 10 
1 





Byte 1 




Before exec u tion 
Accumulator 




After execution 
Accumulator 




110 10 1 

1 







10 110 1 
1 





7 

Register B 





7 

Register B 





10 10 
1 


1 




1 


j 


7 

Overflow flag 





7 

Overflow flag 
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77. NOP (No operation) 

Instruction code 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 



O 





I 



(PC)— (PC) +1 

1 

1 

C AC FO RS1 RSO OV F1 



The program counter Is Incremented by 1 without any 
other change in the CPU. Control is shifted to the next 
Instruction. 



InstrucMoii eode 



#data 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 



Example ORL A, #5FH 



Instruction code 






1 







1 





1 








7 

















|7 


|6 


u 


u 

1 


l3 


U 


h 


Iq 



Byte 1 



Byte 2 



(A) <- (A) OR #clata 

2 

1 

C AC FO RSI RSO OV F1 



The logical OR between an 8-bit immediate data value 
and the accumulator contents is determined. The 
result is stored in the accumulator and the flag is also 
updated. 



7 









1 1 
1 





Byte 1 


7 









10 1111 
1 


1 


Byte 2 


Before execution 
Accumulator 






After execution 
Accumulator 


1 10 

1 







1 1 1 1 1 1 1 1 
1 1 



79. ORL A, #Rr (Logical OR 1mlireei«iliiBS»ttt>aeeii^^ 



Instruction oode 

Operation 
Numk^r of bytes 
Number of cycles 

Flags 
(PSW) 

Description 



Example ORL A, 



Instruction code 



7 


















1 







...4 , 


1 


1 


r 



Byte 1 



(/^^WOR«Rr» r = 0or1 

1 

1 

C AC FO RS1 RSO OV F1 



The logical OR between the accumulator contents and 
the data memory location contents addressed by the 

register r contents is determined. The result is stored 
in the accumulator and the flag Is also updated. 



7 









1 1 1 

1 





Byte 1 




Before execution 

Accuniuiaioi 




After execution 
Accumulator 




1 1 







10 11111 


1 


7 

Register 





7 

Register 





110 110 

1- 


1 




110 110 
1 


1 


7 

6DH 





7 

6DH 





10 10 11 
1 


1 




1 1 0|0 1 1 


1 



DmPTHM HF IHSTMHIiniS 



SO. ORL A, Rr (Logteal OR registsr le.«ie^inulator) 

7 



Instruction code 

Operation 
Number of bytes 
Number of cycles 

Flags 
(PSW) 

Description 






1 







1 


1 


T2 


n 


ro 



Byte1 



(A) — (A) OR (Rr) r = ~ 7 

1 

1 

C AC FO RSI RSO OV F1 P 



Tfie logical OR between the accumulator contents and 
the register r contents Is determined. The result Is 
stored in the accumulaior and the flag is also updated. 



Example ORL A, R5 



Instruction code 



7 





10 110 

1 


1 


Before execution 
Accumulator 








7 

Register 5 





1110 10 

1 


1 


7 






Byte 1 



After execution 



Accumulator 


1110 1 





1 


7 







Register 5 






1110 1 





1 


7 








|7| 



»? 



81. ORL A, data address tLo#cal OR memoiY to ac^iwMtilaifeir) 



Instruction code 

Data address 

Operation 
Number of bytes 
Number of cycles 

Flags 
(PSW) 

Description 



Example ORL A, 33H 
Instruction code 






1 







1 





1 





1 


7 

















a? 


36 


as 


34 

1 


33 


az 


ai 


ao 



Byfel 



%te2 



(A) — (A) OR (data address) 

2 

1 

C AC FO RSI RSO OV 



F1 



The logical OR between the accumulator contents and 
the specified data 3ddress contents is determined. 
The result is stored in the accumulator and the flag is 
also updated. 



7 











1 1 

1 


1 


Byte 1 




7 











1 1 1 

1 


1 


Byte 2 




Before execution 
Accumulator 






After execution 
Accumulator 




10 1111 







1111111 


1 


7 

33H 







7 

33H 





10 10 10 


1 




10 10 10 

1 


1 


7 







7 






mmfmmmmimm 



82. ORt C, bit address (Logieiri 011 W to earry f tag) 



Ins^uetion code 



Bitiaetelress 

Operation 
Number of bytes 
Number of cycles 

Flags 
(PSW) 

Description 






1 


1 


1 

f 








1 





7 

















b7 


be 


bs 


b4 

1 


b3 


bz 


bi 


bo 



Byte1 



Byte 2 



(G) — m om m address) 

2 

2 

C AC FO RSI RSO OV F1 



Thie logical OR between the carry flag and the speci- 
fied bit address content is determined. The result is 





stereel in 






iKlHIPle 01^1- C, ACC. 6 










7 







Instruction code 


1 1 


1^001 







7 









1 1 1 


0|0 1 1 






Byte 1 



Byte 2 



Before exeeutioi] 
Carry flag 



After execution 
Carry flag 



1 



Accumulator 



Accumulator 



01 1 ; 1 1 1 

I 



i 1 1 1 1 1 

bid I 



7 6 



7 6 



83. ORL C^K address (Logical OR complement of to carry flag) 

7 



Instruetion code 

Bit address 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 

Example ORL C»/25H. 5 



(C) — (C) OR (bit address) 

2 

2 

C AC FO RSI RSO OV 



F1 



1 


1 




1 














7 















b7 


bs b; 


1 


b3 


b2 


bi 


bo 



Bytei 



%te2 



The logical OR between the carry flag and the comple- 
ment of specified bit address content is determined, 
the restitt is Stored In tie carry flag. 



Instruction code 



1 1 
1 





Byte 1 




7 











10 110 

1 


1 


Byte 2 




Biefore'exe&uttQffi 






After execution 


Carry flag 






Carry flag 


1 






1 




25H 






25H 




1 1 oTolo 1 1 







1 oT 

L 


6~io 1 1 
--• 1 


7 5 


Q 




7 


5 



'Hi 



84. ORL data address, #clata(Legj^ Oil hnmMttate data m m 



Instruction code 
Data address 

#data 

Operation 

Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 

Example ORL 55H, #1 1 H 






1 







. 1 








1 


1 


7 

















ar 


ae 


as 


34 


as 


a2 


ai 


ao 


7 

















|7 


l6 


Is 


u 


l3 


|2 


li 


lo 



Byte 1 



Byte 2 



Byte 3 



(data address) (data addr^s) OR #date 
3 

2 

C AC FO RSI RSO OV F1 P 



The logical OR between an 8-bit Immediate data value 
and the specified data address contents is 
determined. The result is stored in the specified data 
address. 





7 









Instruction code 


10 1 1 
1 


Byte 1 




7 











10 10 10 
1 


1 


Byte 2 




7 











1 

1 


1 


Byte 3 




Before execution 
55H 






After execution 
55H 




1 1 







10 10 10 1 




7 







7 



m 



8S. ORL data address, A CLiA^al OR «B«imMMn«tniaMMif||> 



Instruction code 

Data address 

Operation 
Number of bytes 
Number of cycje^ 
Flags 
(PSW) 

Description 

Example ORL 50H, A 
Instruction code 






1 







- t 








1 





7 



















as 


as 


a* 

1 


as 


a2 


ai 


ao 



Byte 1 



Byte 2 



(data address) *— (data address) OR (A) 

2 

1 

C AC FO RSI RSO OV F1 



The logical OR between the accumulator and the 
specified data address contents is determined. The 
result Is stored in the specified data address. 



7 











1 1 
1 





Byte 1 




7 











10 10 
1 





Byte 2 




Before execution 
Accumulator 






After execution 
Accumulator 




1 1 1 1 
1 


1 




10 1 1 1 

1 


1 


7 

SOH 







7 

SOH 





1 1 


1 




10 10 111 
1 


1 


7 







7 






DESCRIPTION OF INSTRUCTIONS 



86. POP data address (Pop stack to memory) 

7 



Instruction code : 1 1 1 Byte 1 



1 


1 





1 














7 

















a? 


36 


as 


34 


33 

1 


32 


31 


ao 



Dat3 address a? 36 as a* ^ 33 32 31 ao Byte 2 

Operation 

Number of bytes 
Numt)er of cycles 

Flags 
(PSW) 

Description : St3Ck contents addressed by the st3Ck pointer are 

transfered to the specified data address, and the 
stack pointer Is ^erefnented by 1 . 

Example POP PSW: No change to parity bit. 



(data address) ^ ((SP)) 
(SP) — (SP) - 1 

2 

2 

C AC FO RSI RSO OV F1 



Instruction code 



7 











110 10 

1 








Byte 1 




7 











110 10 
1 








Byte 2 




Before execution 

Accumulator 




After execution 

Accumulator 




10 10 11 
1 










10 10 110 
1 





7 

PSW (ODOH) 







7 

PSW (ODOH) 





1 1 0|1 1 










1 1 1 1 |0 1 





7 

Stack pointer 







7 

Stack pointer 





1 

■1 










0|1 1 1 


1 


7 

10H 







7 

10H 





11110 
1 


1 


1 




1 1 1 1,001 


1 


7 







7 
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87. PUSH data address (Push memory onto stack) 

7 



Instruction code 

Data address 
Operation 

Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 
Example PUSH P1 



(SP) — (SP) + 1 

((SP)) ^ {date addr^^ 

2 

2 

G AC FO RSI RSO OV F1 



1 


1 







1 








q 





7 



















ae 


as 


84 


as 


as 


ai 


ao 



Byte 1 



Byte 2 



The stack pointer is incremented by 1, and the speci- 
fied data address contents are stored In the stacl^ ad- 
dri^sed by the stack pointer. 



Instruction code 



1 1 

_ 1 








Byte 1 




7 











10 10 
1 








Byte 2 




Before execution 

Port 1 (90H) 




After execution 

Port 1 (90H) 




1 1 1 0' 1 
1 





1 




110 10 10 


1 


7 

Stack pointer 







7 

StacIt pointer 





1 










1 


1 


7 

11H (Stact<) 







7 

1 1 H (Stack) 
















110 10 10 


1 


7 







7 
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DESCRIPTION OF INSTRUCTIOiS 



88. RET (Return from subroutine, non interrupt) 

7 



Instruction code 
Operation 



Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 









1 











1 






Byte 1 



(PC8-,5) -((SP)) 

(SP) - (SP) - 1 

(PCo-7) - ((SP)) 

(SP) — (SP) -1 

1 

2 



AC FO RSI RSO OV F1 



The stack contents addressed by the stack pointer are 
stored to upper order 8 thru 15 of the program 
counter, and the stack pointer Is decremented by 1. 
Then the stack contents addressed by the updated 
stack pointer are stored in the lower order thru 7 of 
the program counter, again decrementing the stack 
jsointer by 1 . The program counter is updated with the 
stack contents, and control is shifted to the address 
after updating. 



|7| 
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89. RETI (Return from interrupt routine) 

7 



Instruction code 
Operation 



Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 









1 


1 




1 





1 






Bytel 



(PC8-,5) -((SP)) 

(SP) - (SP) - 1 

(PCo-7) - ((SP)) 

(SP) ^ (SP) - 1 
"INTERRUPT ENABLE 

1 

2 

C AC FO RS1 RSO OV F1 



This return instruction functions as an interrupt pro- 
cessing routine terminating instruction. If a priority in- 
terrupt is generated while a non-priority interrupt pro- 
cessing routine is being executed, tlie CPU starts to 

process tfie priority intrerupt. And once processing of 
this interrupt is started, no other interrupt can be pro- 
oess@d until the RETt instruction is executed. 



The stack contents addressed by the stack pointer are 

stored to upper order 8 thru 15 of the program 
counter, and the stack pointer is decremented by 1. 
Then the stack contents addressed by the updated 
stack pointer are stored in the lower order thru 7 of 
the program counter, again decrementing the stack 
pointer by 1. The program counter is updated with the 
Stack contents, and control is shifted to the address 
after updating. If a new interrupt is generated, the CPU 
Starts to process the interrupt. 



276 



90. RL A (Rotate accumulator left) 



Instruction code 
Operation 









1 







1 





1 


1 



Carry 





Accumulator 



Byte1 



Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 
Exafnpte RL A 



AC FO RSI RSO OV F1 



All accumulator bits are shifted by one bit to the left. 
The MSB (bit 7) is shifted to the LSB bit position (bit 0). 



In§f MCtlon code 



1 1 1 
_j 



Before execution 

Accumulator 



10 10 110 
r^^ 



Byte 1 



After execution 

Accumulator 



10 1 10 1 
I 



||8llllil@1iiBililill HSi^ lllMMUAL 



91. RLC A (Rotate accumulator and carry flag iefO 



Insfruction code 
Operation 



Carry 



r- c 



1 1 



Accumulator 



1 1 



Biy te 1 



Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 



Example RLC A 



AG FG RSI RSO OV F1 



The accumulator and the carry flag are connected, 

and all bits are shifted by one bit to tfie left. The carry 
flag is shifted to the accumulator LSB (bit 0), and the 
accumulator MSB (bit 7) is shifted to the earry flag. 



Instruction code 



1 1 1 1 
I 



Before execution 
Accumulator 



1 10 10 1 1 
I 



Byte 1 



After execution 

Accumulator 



110 10 111 
I 



Carry flag 



Carry flag 



1 



liiMliRVfMSTllllGTIMK 



92. RR A (Rotate accumulator rigM) 



In^rU^tion code 










1 


1 


1 


Operation 


Carry 


Accumulator 







iyte 1 



Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 
Example RR A 



AC FO RS1 RSO OV F1 



All accumulator bits are stiifted by one bit to the right. 
The LSB (bit 0) is shifted to the MSB bit position (bit 7). 



Instruction code 



1 1 



Byte 1 



Before execution 

Accumulator 

1110 11 



After execution 

Accumulator 

10 1110 1 



I^MilStl/IISIIMPI liiNl llilNy«L 



93. RRC A (Rotate accumulator and carry fis9 right) 



Instruction oode 
Operation 



Carry 



1- C 



Accumulator 



Byte 1 



Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 



Example RRC A 



AC FO RSI RSO OV F1 



The accumulator and the carry flag are connected, 
and all bits are shifted by one bit to the right. The 
carry flag Is shifted to the accumulator MSB (bit 7), 
and the accumulator LSB (bit 0} is shifted to the carry 
flag. 



Instruction code 



10 1 1 
I 



Before execution 
Accumulator 



1 10 10 

1 



Byte 1 



After execution 
Accumulator 



10 1 10 10 



Carry flag 



Carry flag 



1 







MwmKtPiiSTiHieiiiiis 



94. SETS C (Set carry flag) 



IhstruGtion code 

Operation 
Number of bytes 
Number of cycles 

Flags 
(PSW) 

Description 
Example SETB C 



1 


1 





1 








1 


1 



(C)-1 

1 
1 

C AC FO RS1 RSO OV F1 



The carry flag is set to 1 . 



Byte1 



Instruction code 



110 10 11 
1 



Byte 1 



Before execution 
Carry flag 




After execution 
Carry flag 



1 



Hi 



mmaoit/iBiiiKrssi mim mmu. 



95. SETB btt addre^ fSei M 



Instruction code 

Bit address 

Operation 
Number of bytes 
Number of cycles 

Flags 
(PSW) 

Description 
Example SETB IE.7 



1 


1 





1 








1 





7 

















br 


be 


b5 


b4 


bs 


b2 


bi 


bo 



Byte 2 



(bit address) <— 1 

2 

1 

C AC FO RSI RSO OV F1 P 



The specified bit address content is set to 1 . 



Instruction code 



1 10 10 10 

1 


Byte 1 


7 






10 10 1111 

1 


Byte 2 


Before execution 




After execution 


IE {A8H) 




IE (ASH) 


l^b] 1 10 1 1 1 




MM 1 1 1 1 

L_J 1 



DESCRIPTION OF INSTRUCTIONS 



96. SJMP code address (Short jump) 



Operation 

Number of bytes 
Number of cycles 

Flags 
(PSW) 

Description 



Instruction code 


1 

























7 

















Relative offset 


Rt 


Re 


Rs 


R4 


R3 


Rz 


Ri 


Ro 



(PC) — (PC) + 2 

(PC) (PC) + relative offset 

2 

2 

C AC FO RS1 RSO OV F1 



Byte 1 



Byte 2 



Relative offset jump data is added/subtracted to/from 
the program counter contents following an increment. 
The program counter contents are updated, and con- 
trol Is then shifted to the updated address. The range 
in which relative jumps can be executed by this in- 
struction is +1 27 to -1 28 in respected to the incre- 
mented program counter contents. There is no page 
field restrictions. 



I 



21^ 



MSMSOCSI/RSmOGSl itSlR'S NMNUAL 



Example SJMP CHECK 
LOC OBJ 



0111 



0123 



8010 



33 



SOURCE 



SJUMP : SJMP CHECK 



CHECK : RLC A 







7 









Instruction code 




10 

1 





Byte 1 








7 













1 

1 





Byte 2 




Before execution 
Program counter 




After execution 
Program counter 


1 


1 


1 

1 






1 


1 


1 1 1 


15 8 


7 





15 


8 


7 



284 



DESCRIPTION OF INSTRUCTIONS 



97. SUBB A, #data (Subtract immediate data from accumulator with borrow) 

7 



Instruction code 



#Data 

Operation 
Number of bytes 
Number of cycles 
Flags 

Description 



Example SUBB A, #05H 



1 








1 





1 








7 

















|7 


ie 


is 


|4 


b 


h 


il 


io 



(A) - (A) - ((C) + #data) 

2 

1 

C AC FO RS1 RSO OV F1 



Byte 1 



Byte 2 



The carry flag contents and an immediate data value 

are subtracted from the accumulator contents. Ttie 
result is placed in ttie accumulator, and tfie flags are 
updated. 



Instruction cocfe 



1 


1 


1 








7 

















1 





1 



Byte 1 



Before execution 
Carry flag 



1 



Auxiliary carry flag 







Overflow flag 



1 



Accumulator 



10 10 10 1 



Byte 2 



After execution 

Carry flag 



Auxiliary carry flag 



Overflow flag 



Accumulator 



1 1 1 1 
I 



|7| 
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98. SUBB A, @Rr (Subtract indirect address from accumulator with brrow) 

7 



Instruction code 




1 








1 





1 


1 


r 


Operation 


: (A) - (A) - ((C) + «Rr))) 


r = 


= 0or 1 




Number of bytes 


: 1 
















Number of cycles 


: 1 
















Flags 




C 


AC 


FO 


RS1 


RSO 


OV 


F1 


P 


(PSW) 




• 


• 








• 




• 



Bytel 



Description 



Example SUBB A. @R0 



The carry flag contents, and the data memory location 
contents addressed by the register r contents are sub- 
tracted from the accumulator contents. The result Is 
placed In the accumulator, and the flags are updated. 



Instruction code 



10 10 1 10 

I 



Before execution 
Carry flag 



Auxiliary carry flag 



Overflow flag 



Register 



Byte 1 



After execution 
Carry flag 



1 



Auxiliary carry flag 



Overflow flag 



1 



Register 



1 1 1 1 
1 




1 1 1 1 

1 


7 
47H 


7 
47H 


110 10 10 
1 




1 1 1 1 1 


7 
Accumulator 


7 

Accumulator 


10 10 10 
1 




1 1 
1 



Z86 



BESGmPIION AFmSI^^IMS 



99. SUBB A, Rr (Sabmaet isghMer from acewmilalsr witti tiomiw} 



Description 



Instruction code 




1 








1 

1 


1 


rz 


n 


ro 


Operation 


: (A) - (A) - ((C) + (Rr)) 










Number of bytes 


: 1 


















Number of cycles 


: 1 


















Flags 




C 


AC 


FO 


RSI 


RSO 


OV 


F1 


P 


(PSW) 




• 


• 








• 




• 



Byte 1 



The carry flag contents and ttie register r contents are 
subtracted from the accumulator contents. The result 
is placed in the accumulator, and the flags are 
Updated. 



Example SUBB A, R7 



Instruction code 



10 11111 
I 



Before execution 
Carry flag 



1 



Auxiliary carry flag 







Overflow flag 







Register 7 



Bytel 



10 110 

1 








7 







Accumulator 






1 0|0 1 









After execution 
Carry flag 







Auxiliary carry flag 



1 



Overflow flag 



1 



Register 7 



10 110 



Accumulator 



10^1011 
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100. SU BiB A, data adclress ilwn®^ lr@m a^i>RiiltaM iwM^^^ 

7 



Instruction code 



Data address 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 



Example SUBB A, DPH 



1 








1 

1 





1 





1 


7 

















a? 


86 


35 


34 

1 


33 


32 


31 


ao 



(A) — (A) - ((C) + (data address)) 

2 

1 

C AC FO RSI RSO OV F1 P 



Byte 1 



Byte 2 



The carry flag contents and the specified data address 
eontents are subtracted from the accumulator 
contents. The result is placed in the accumulator, and 
the flags are updated. 



Instruction code 



1 





1 





1 


1 


7 













1 














1 1 



Before execulion 
Garry f lag 



Auxiliary carry flag 



Overflow flag 







DPH 



Byte 1 



Byte 2 



10 10 10 


1 





7 

Accumulator 







10 10 1 
1 





1 


7 








After execution 
Carry flag 



1 



Auxiliary carry flag 



1 



Overflow flag 



DPH 



10 10 1 


1 





7 

Accumulator 







10 10 1 
1 


1 


1 


7 








DESCBIPTION OF INSTRUCTIONS 



1 01 . SWAP A (Exchange nibble in aeemulsAoi^ 



Instruction code 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 

Example SWAP A 



1 


1 








1 














1 









(A4-7) (Ao-^ 

1 

1 

G AC FO RSI RSO OV 



F1 



Byte 1 



The contents of tfie four fiigher order bits (4 thru 7) of 
the accumulator are exchanged with the contents of 
the four lower order bits (0 thru 3). 



Instruction code 



1 1 1 

I 



Before execution 
Accumulator 



10 110 10 

_ I 



Bytel 



After execution 
Accumulator 



10 10 11 



|7| 
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1 02. XCH A, @Rr (Exchange indirect address with aeeumulatory 



Instruction code 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 

Example XCH A, @R0 
Instruction code 



1 


1 










1 


1 


1 


r 



Byte 1 



(A) ^ ((Rr)) r = or 1 

1 

1 

C AC FO RS1 RSO OV F1 



The accumulator contents are exchanged with the 

data memory location contents addressed by the regis- 
ter r contents, and the flag is updated. 



7 









1 1 1 1 

1 





Bytel 




Before execution 

Accumulator 




After execution 
Accumulator 




10 1110 







1110 11 





7 

Register 





7 

Register 





10 10 1 
1 


1 




10 10 1 
1 


1 


7 

4BH 





7 

4BH 





1110 11 
1 







10 1110 
1 






OESCRIPTION OF INSTRUCTIONS 



1 03. XCH A, Rr (Exchange register with accumulator) 

7 



Instruction code 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 
Example XCH. A, R5 

Instruction code 



1 


1 








1 

1 


r2 


n 


To 



Byte 1 



(A) ^ (Rr) r = ~ 7 

1 

1 

C AC FO RSI RSO OV F1 P 



The accumulator contents are exchanged with the 



register r contents, and the f 


lag is updated. 


7 






110 110 1 
1 


Byte 1 


Before execution 
Accumulator 




After execution 
Accumulator 


1110 10 
1 




1 1 1 

1 


7 
Register 5 




7 

Register 5 


1 1 1 




1110 10 


7 




7 



|7| 
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1 04. XCH A, data address (Exchange memory with accumulator) 

7 



iRstruction code 



Data address 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 



Example XCH A, 7AH 



Instruction code 



1: 


1 











1 





1 


7 

















a? 


ae 


as 


a4 


as 

1 


32 


ai 


ao 



Byte 1 



Byte 2 



(A) ^ (data address) 

2 

1 

€ AC F0 RSI RSO OV F1 P 



The accumulator contents are exchanged with the 
specified data address contents, and the flag is 

updated. 



7 











1 1 1 

1 


1 


Bytel 




7 











11110 1 

1 





Byte 2 




Before execution 
Accumulator 






After execution 
Accumulator 




10 11110 
1 


1 




1 1 1 1 1 1 





7 

7AH 







7 

7AH 





110 1110 







10 11110 


1 


7 







7 






I 
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DESCRIPTION OF INSTRUCTIONS 



1 05. XCHD A, @Rr (Exchange low nibbles of Indirect address with ac^MHifistw) 



Instruction code 

Operation 

Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 



Example XChTD A, @R0 



Instruction code 



1 


1 





1 





1 


1 


r 



Byte 1 



(Ao-4) ((Rro-^) r = or 1 

1 

1 

C AC FO RSI RSO OV F1 P 



The lower order bits (0 thru 3) of the accumulator con- 
tents are exchanged with the contents of the lower 

order bits (0 thru 3) of the data memory location ad- 
dressed by register r contents. The flag is updated. 



7 









110 10 11 





Byte 1 




Before execution 
Accumulator 




After execution 
Accumulator 




11110 11 

1 







1111110 
1 


1 


7 

Register 





7 

Register 





11 
1 







1 1 0|0 





7 

60H 





7 

60H 





1 1 

1 


1 




1 1 
1 
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1 06. XRL A, #<iate (L<ogieal exclusive OR immeilfote data to aecumulator) 



Instruction code 

#Data 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 



Example XRLA, #15H 
Instruction code 






1 


1 








1 








7 

















It 


|6 


Is 


u 


l3 


l2 


h 


to 



Byte1 



Byte 2 



(A) — (A) XOR #data 

2 

1 

C AC FO RSI RSO OV 



F1 



The exclusive OR operation is executed between an 
Immediate data value and the accumulator contents. 
The result is placed in the accutnulertor, and the flag is 
updated. 



1 10 10 

I 





Byte 1 


7 









1 1 

1 


1 


Byte 2 


Before execution 
Accumulator 






After execution 
Accumulator 


10 10 1 







10 11111 


7 







7 



mmmm mmwmm 



1 07. XRL A, @Rr (Logical exdiKiwe Om iMiirwt address to ac^MNd^ai!) 



InstrtiGtion code 




1 1 







I 


1 


1 


r 


Operation 


: (A)-(A)XOR ((Rr» r 


= 0or1 






Number of bytes 


: 1 












Number of cycles 


: 1 












Flags 




C AC FO 


RSI 


RSO 


ov 


F1 


P 


(PSW) 


















Byte1 



Deserifjtion 



Example XRL A, @R1 



Instruction code 



The exclusive OR operation is executed between the 
accumulator contents and the data memory location 
contents addressed by the register r contents. The 
result is placed in the accumulator, and the flag is 
updated. 



7 









110 11 

1 


1 


Bytel 




Before execution 

Accumulator 




After execution 

Accumulator 




10 10 


1 




1 1 1 1 1 





7 

Register 1 





7 

Register 1 





110 11 







1 1,0 1 1 





7 

36H 





7 

36H 





1 1 

1 


1 




1 1 


1 1 


7 





7 
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108. XRL A, Rr (Laical eK«tt^i«pe 0Rre#sterte«e«sumilliMer) 



Instruction code 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

Description 






1 


1 





1 

1 


rz 


n 


ro 



W — mmnimt) r=o~7 
1 



1 



C AC FO RS1 RSO OV F1 P 



Byte 1 



The exclusive OR between the accumulator contents 
and the register r contents Is determined. The result is 
stored in the accumulator and the flag is also updated. 



Example XRL A, R3 



Instruction code 



110 10 11 

I 



Before execution 
Accumulator 



1 1 10 
I 



Register 3 



1 1 1 
t 



Byte 1 



After execution 
Accumulator 



1 







1 


1 


1 1 


7 
R 


egiste 


rS 










1 




1 


1 


1 



msgmmmmim/mm 



1 09. XRL A, data aMr^s (l^@||M VKsJiasiwe metnery t^meMMiaier} 
ltiistru0tion code 



Data address 

Operation 
Nufnber of bytes 
Number of cycles 
Flags 
(PSW) 

Description 



Example XRL A, 70H 



Instruction code 






1 


t 


Q 





1 





1 


7 

















ar 








aa 


a» 


ai 





(A) ^ (A) XOR (data address) 
2 



1 



C AC FO RSI RSO OV F1 



The exclusive OR between the accumulator contents 
and the specified data address contents is 
determined. The result is stored in the accumulator 
and the flag is updated. 



7 











110 10 

1 


1 


Byte 1 




7 











1 1 10 

1 





Byte 2 




Before execution 
Accumulator 






After execution 
Accumulator 




11110 11 
1 







1 1 1 1 1 


1 


7 

7QH 







7 

70H 





10 1 1 1 

1 


1 




10 111 
1 


1 



m 



MsmoisiJismiiEit mm mmi 



110. XRLdataackii«s^#i^l^fLogteal<MeiiisAi«@fll 



Instruction code 



Data addn^ 



#data 

Operation 
Number of laytes 
Number of cycles 
Flags 
(PSW) 

Description 



Example XRL ACC, #5AH 



Instruction code 






1 


1 




1 








1 


1 


7 

















ar 


36 


as 


1 


83 




31 


ao 


7 

















|7 


|6 


Is 


u 

1 


l3 


|2 


li 


lo 



Byte 2 



Bytes 



(d3t3 address) ^ (data address) XOR #data 

3 

2 

C AC FO RSI RSO OV F1 P 



The exclusive OR between an immediate data value 
and ttie specified data address contents is 
determined. The result is stored in the specified data 
address. 



7 









1 10 1 
1 


1 


Byte 1 


7 









1 1 1 





Byte 2 


7 









10 110 1 
1 





Byte 3 


Before execution 

Accumulator 






After execution 

Accumulator 


111110 1 
1 







1 1 



mmmw if wstbuctions 



1 1 1 i XRI. acWress, A (Logieal exclusive 0R aecmulalof tt>mefliii»y) 

7 



Instruction code 



Data address 

Operation 
Number of bytes 
Number of cycles 
Flags 
(PSW) 

QK^Iiption 



Example XRL 20H, A 
Instruction code 






1 


1 











1 





7 

















a? 


as 


as 




as 


a2 


ai 


ao 



Byte 1 



Byte 2 



(data add ress) *- (data adiiress) XOR W 

2 

1 

C AC FO RSI RSO OV F1 P 



The exclusive OR between the accumulator and the 
specified data address contents Is determined. The 
result is stored in the specified data address. 



110 1 

1 





Byte 1 




7 











1 

I 





Byte 2 




Before execution 

Accumulator 






After execution 
Accumulator 




1 1 1,0 1 


1 




1110 10 


1 1 


7 

20H 







7 

20H 





110 10 1 
1 


1 




10 10 11 
1 


1 


7 







7 






m 



8. MSMSOCSIVS 
PIG6Y BACK 
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8. MSM80C51VS PIGGY BACK 



The MSM80C51VS is a 80C51 whose built-in ROM is replaced by external EPROM 
using the piggy bacit method. The program developed by EASE 80C51 programming 
support tool is written into EPROM. 

Since timings and electrical characteristics of the MSM80C51 VS except for the storage 
temperature (-55 ~ +1 25°C) and the operating voltage (4.5 ~ S.SV) are the same as 
that for the MSM80C51, evaluation of programs can be done by installing the 
MSM80C51VS on the user's equipment directly. Therefor© using the MSM80C51VS 
can eliminate evaluation of engineering sample and shorten TAT for developing 
products. 

Either 2764 (64K) or 2732 (32K) may be used as EPROM. 

Pin layout and external dimensions of package are shown in Figure 8-1 . 
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MSMBOCSIVS PI66Y BACK 



igiiiiiiiiiiii 




1 


M80C51 




JJ 2764 


OKI 




Japan 5101 









iilMMMMMi 



2732 



Pin 1 For 2764 

Pin 1 For80C51VSR0MSocl(et 



jfiffiiiiiiiii 



M80C51 
OKI 
Japan 5101 



J 



For 2732 
Pin 1 For80C51VSROMSocl(et 



laiiiiiSiSiiii 



3 



53.34 mm 



nnnnnnnnnnnnni 



[= 




E 




E 

d 






LJ 



imnnnnmmmm 



0.5 mm - 



[1 




E 




E 




in 

CN 




d 


< 

L 


P ' 





2.54 mm 



Note: At! The Dimensions 
Are Typical Value. 



40 Lead Package (For Piggy-Back) 



Figure 8-1 Pin layout and paclcage dimensions of MSM80C51 VS 
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